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THE CLAYS AND SHALES OF MINNESOTA 



OUTLINE OF PAPER 

This paper discusses briefly the distribution, origin, properties, classi- 
fication, and adaptability of the clays and shales of Minnesota. An at- 
tempt has been made to test all the more important deposits with sufli- 
dcQt care and exactness to determine the purposes for which they may be 
used. To render the data more readily accessible the following outline 
is given. 

Detailed results of lests are stated in Chapter VII. The technical 
terms used in the discussion are briefly explained in the sections on 
Technology and Physical Properties, Chapters II and IV. 

In Chapter VI certain areas are recommended for prospecting and 
development Fire clays are to be found in the central to southwestern 
parts of the State, and semi-refractory clays are somewhat more widely 
distributed. These should be sought by drilling. 

The general character of each geologic formation and the character 
of the clay products made from them by various methods of manufacture 
are given in the latter part of Chapter V. The map, Plate I, shows the 
main features of the distribution of clays. 

As stated in Chapter V, the gray drift is widely distributed and is one 
of the most important sources of clay in the State. After the limestone 
pebbles have been removed, it can be made into excellent drain tile, for 
which there will be an increasing market as the swamp lands of the State 
are drained. The expense of the process of removing the limestone is not 
so great as to be prohibitive. Some details of the process are given in 
Chapter IV. 

It is believed that an excellent fancy brick may be made from the 
upper Huronian slates at Carlton and vicinity (page 79) if a small per- 
centage of red drift is added. 

Deposits suitable for common brick are abundant and widely dis- 
tributed. The red drift, capable of making vitrified brick, is distributed 
in many accessible localities in the eastern part of the State. The red 
laminated clays of the eastern counties make good red brick and may be 
used as a slip glaze for semi-refractory ware. 

m 1 



CHAPTER I 

IXTRODUCTIOX 

OBJECTS AND SCOPE OF PAPER 

This bulletin is a preliminar>' paper outlining the principal results of 
an investigation of the clay resources of Minnesota, which was carried 
on during the summer of 1912. A more comprehensive report is now ifi 
progress and will be issued later. In general, the object of the work has : 
been to assist in the development of the clay resources of Minnesota. 
The broader problems of ceramics are treated only incidentally. Some 
of the important scientific conclusions of the American Ceramic Society, 
of the Bureau of Standards, and of surveys of other states are briefly 
reviewed here in order that they may be more readily available to those i 
whose chief interests are technical and commercial. A more extended j 
treatment of the scientific results of the investigation will appear later. 

Specifically, the object has been (1) to investigate the sources of 
clay for every town of 1,000 or more inhabitants, and for each county 
of the State; (2) to ascertain the extent of several deposits now developea 
at only a few points; (3) to find new deposits; and (4) to determine the 
qualities of these deposits and of certain mixtures, to ascertain whether 
it is possible to produce some refractory wares, pottery, paving brick, and 
certain other high-grade products that are now carried considerable dis' 
tances to the Minnesota markets. 

ACKNOWLEDGMENTS 

The work has been done in cooperation with the United States Geo- 
logical Survey, and it is planned to issue the final bulletin on the coopera- 
tive basis. Acknowledgments are given to Messrs. Oliver Bowles, 
George L. Harrington, and F. M. Handy, who assisted in the work, and to 
Messrs. Frank Leverett, F. W. Sardeson, and A. W. Johnston for con- 
tributions of certain geological data ; to Mr. Jefferson Middleton, of the 
United States Geological Survey, for lists of producers; to the United 
States Bureau of Standards for tests ; to the Minnesota School of Mines 
Experiment Station for firing tests; to the Experimental Engineering 
Department of the University for tests of the products ; to J. G. Hough- 
ton, Minneapolis Inspector of Buildings, for tests of brick and tile; and to 
Dr. C. P. Berkey for unpublished data collected in 1902. The work in the 
field has been greatly facilitated by the friendly cooperation of Commer- 
cial Clubs and other organizations of similar purpose, and by many indi- 
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ORIGIN OF CLAY 3 

viduals. Sincere thanks are due Mr. M. C. Madsen, of Hutchinson, 
Messrs. E. S. Hoyt and J. H. Rich, of Red Wing, Dr. O. C. Strickler, of 
Xew Ulm, and many others. 

DEFINITIONS 

Clay is defined in two ways : ( 1 ) an earthy aggregate consisting es- 
sentially of the mineral kaolinite, or some nearly related hydrous alu- 
minum silicate; (2) any earthy mass which becomes plastic when wet. 
The mineral kaolinite has the composition H^AUSijOo ; its specific grav- 
it)' is 2.6 ; it is monoclinic in crystal form ; it is white, unless impure. 
Halloysite, pyrophyllite, cimolite, bauxite, and opal are species frequently 
associated with kaolinite. Shale is a term frequently employed in the 
same sense as clay, but as a rule it is applied to hard, laminated clays, 
generally of marine origin. 

ORIGIN OF CLAY 
All, or nearly all, of the clay minerals are secondary in origin, and are 
derived by the hydrous alteration of other silicate minerals, components of 
the so-called crystalline rocks. The following list shows approximately 
the chemical composition of the most common rock-making silicates. 
Orthoclase = potassium aluminum silicate 
Albite = sodium aluminum silicate 
Anorthite = calcium aluminum silicate 
Muscovite ^ hydrous potassium aluminum silicate 
Biotite = iron magnesian aluminum silicate 
Hornblende = a complex silicate containing as a rule iron, mag- 
nesium, calcium, and aluminum 
Augite = ditto. 
By various natural reactions some or all of these minerals are com- 
monly altered to kaolinite or the related clay materials. Thfe particular 
circumstances under which natural reactions produce kaolinite from other 
minerals have been the subject of considerable discussion, especially as 
regards those reactions which have produced large bodies of relatively 
pure kaolinite. It has been stated that the action of hydrofluoric acid 
may form kaolinite from orthoclase at great depths in the earth, but it 
seems probable that only a very small portion of the kaolinite known has 
been so formed. The slower, but more general, process of weathering 
at the surface is of much greater importance. Weathering is usually, but 
not invariably, accompanied by processes of erosion and sedimentation. 

ROCK WEATHERING 

Weathering includes both chemical effects, known as decomposition, 
and mechanical effects known as disintegration, which are usually 
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simultaneous and closely related. Many rock minerals are partiaU; 
soluble in circulating water, and, as a part of the mineral is removed, 
water may combine with the residue, producing hydrous minerals. (See 
Fig. 1.) These are usually softer and more loosely bound together than 
the original minerals, and hence are more easily affected by mechanical 
processes. The mechanical processes are erosion by streams carrying sedi- 
ments, erosion by wind-blown sand, by ice, by the pounding of waves, by 
the unequal expansion resulting from alternation of heat and cold, etc. 
All the mechanical processes result in breaking up rocks into finer particles 
than the original, so that circulating water has easier access to bring about 
decomposition. 



THE ORIGIN OF CLAYS. 
b. COLLUVIAL CLAY. 

d. DECOMPOSED CRANITE, PAB1TALI.Y 
ALTEHED TO CLAY. 



The solvent action of circulating water on minerals is greatly in- 
creased by the presence of dissolved gases and salts. Carbonic acid and 
oxygen are especially effective, and the organic products of bacteria and 
animal and vegetable life in general are noteworthy. 

The result of weathering on rocks depends largely upon the relative 
amounts of decomposition and disintegration. A powder formed chiefly 
by the grinding up of crystalline rocks must naturally have propwrties 
radically different from one formed by the chemical solution of part of the 
rock. One is spoken of as "rock flour," and the other as "rock rot." Gla- 
cial erosion, for example, is mostly mechanical and yields rock flour. The 
finest particles which result from weathering in either case usually con- 
stitute a clay, and, by the nature of the process of formation, such clay is 
likely to be mixed with numerous remnants of the original minerals from 
which it was formed. An elaborate discussion of weathering, with a 
bibliography, is to be found in Vol. XIII of the Transactions of the Ameri- 
can Ceramic Society. 



ORIGIN OF CLAY S 

EKOSION AND SEDIMENTATION 

Most important are the processes of erosion and sedimentation. Clay 
^articles formed by weathering are finer grained than particles of the 
sand and g^vel, and, when washed by water, a separation is often accom- 
pBshcd. The carrying power of running water varies greatly with its ve- 
locity. Thus a stream which under normal conditions would gather up 
and carry particles of clay, might not flow fast enough to carry grains of 
sand except at times of g^eat floods. This separation is of great impor- 
tance in the accumulation of large bodies of clay free from sand. Some 
streams flow fast enough at all seasons to carry both the sand and clay, 
yet a later sorting process may occur arid yield beds of clay free from 
sand, for, where such streams reach a lake or the ocean, the currents are 
checked only partially at first, and the coarser sand is deposited near shore, 
while the clay accumulates farther out. Similarly, shore currents and 
waves may separate sand from clay and the latter may be deposited far- 
ther from the shore. 



ALTERATION 

After the formation of a clay, geologic processes may modify it in 
many ways. Circulating waters may leach from it certain soluble ele- 
ments (see Fig. 2) or, on the other hand, may deposit mineral matter as 
cement or as concretionary masses. An increase of temperature may 
dehydrate it and destroy the minerals present. By these and similar 
processes a clay deposit may be changed. 
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GEOLOGIC TYPES OF DEPOSITS 

1. RESIDUAL DEPOSITS 

• 

The weathering and superficial decay of granitic igneous rocks some- 
times produces a sheetlike mantle of clay of great lateral extent and as 
much as 100 feet in thickness. As a rule such deposits follow the irreg- 
ularities of the original rock surface, their base depending more or less 
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closely upon the water level and the topography at the time they were 
formed. Another less common form of residual clay results from the 
alteration of igneous dikes. The impurities depend largely upon the 
completeness of alteration. Such residual clays, when white-burning, are 
called kaolins. Kaolin — a rock — should be carefully distinguished from 
kaolinite — a mineral. Ries^ has summarized the theories of the origin 
of kaolins. 

2. TRANSPORTED DEPOSITS 

(a) Marine deposits, — Sedimentation in the deep sea produces this 
type of clay, and the circumstances of its formation tend toward great 
lateral extent as compared with thickness. At its edge the clay body may 
show a gradation into limestone or sandstone. Vertically, also, there may 
be such gradations, and, in addition, there is likely to be an altematioa 
with these rocks, which are consequently the chief impurities to be ex- 
pected. The Decorah shale is a good illustration in Minnesota. Sub- 
sequent deposition of concretions may add to the impurities. Under 
favorable conditions impurities may be leached. out. If later marine for- 
mations cover the clay deeply, the pressure they exert may consolidate the 
clays into shales. Where the shales are exposed by erosion, they weather 
again into soft clayS. 

(b) Lake clays. — These originate by much the same processes as 
the marine clays, but the clay bodies are generally less extensive. 

(c) Alluvial clays. — Rivers which carry large amounts of fine sed- 
iment always vary in the rapidity of their currents in different parts of 
their channels. Wherever an eddy or other irregularity occurs which re- 
duces the current very greatly, sandy clays are likely to be deposited. 
These conditions are most prominent along the wide flood plains of the 
larger streams, and are illustrated by the deposits along the Minnesota 
River. 

(d) Glacial clays. — The glacial drift, as carried by the ice, has only 
a small proportion of clay, but, as modified by the action of water from 
the melting ice, this small proportion of clay may be concentrated into 
valuable deposits. It sometimes happens that the abrasive action of the 
ice grinds up a considerable mass of rock to a fine powder without any 
extensive decomposition. This so-called rock flour has many of the prop- 
erties of clay and has been used as a brick material, but where used in 
Minnesota it is evident that decomposition has turned some of the min- 
erals into kaolinite. Many lake and alluvial clays of glacial origin re- 
semble the lake and alluvial clays not connected with glacial action, but 
they are of sufficient importance and extent in Minnesota to warrant sepa- 
rate treatment. 

iRles, H., The origin of kaolins : Trans. Am. Cer. Soc, Vol. 18, p. 73. 
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3. SLATES 



Great accumulations of clay in the older formations of Minnesota have 
been so deeply buried and so intensely altered as to change their mineral 
composition and physical properties. These are classed as metamorphic 
slates. 

RELATION OF TYPES 

These various types of clay as described from a geologic standpoint 
are not always easily distinguished in the hand specimen or even in the 
field. Even the fundamental genetic distinctions between residual and 
transported clays are often difficult to apply, and there are prominent 
gradations between the several classes. The type of origin, as here 
outlined, bears no traceable relation to the applicability of the clay as 
ceramic material. One marine shale may be good fire clay and another, 
a fusible slip clay, without any possible distinction in the mode of for- 
mation. 

CHEMISTRY OF CLAY 

The following elements and oxides are usually reported as chemical 
constituents of clay. 

Silica, SiOz, is an essential part of the chief mineral, kaolinite, and 
is present in several associated minerals. It exists abundantly uncom- 
bined in the sand of sandy clays. 

Alumina, AlaO,, is a second essential oxide of kaolinite, present also 
in a few other minerals. 

Combined water, HgO, is a third essential oxide of kaolinite. 

Moisture is usually present in clays in large amounts, although this 
is not always apparent to the eye. 

Iron minerals. — The oxides and sulphides are common constituents 
of clay, but, as they are entirely absent from some clays and seriously 
affect the fusibility and general behavior of the clay^that contains them, 
they are classed as impurities, though not necessarily undesirable. Iron 
oxide gives red bricks their color. 

Calcium is very common in clays as the carbonate and is often pres- 
ent as the sulphate. It has a tendency to counteract the color of iron 
oxide when clay is burned. Its effect on the manner of fusion of a clay 
is frequently disastrous, as the bricks melt suddenly and at low tempera- 
tures. Especially bad for the clay are lumps of limestone, calcium car- 
bonate, which bum to lime and later slake and swell with such force as to 
burst the brick. For these and other injurious effects, calcium is classed 
as an impurity. 

Magnesia is similar to lime, but not as injurious. 
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Alkalies, soda and potash, are found in most clays and are not undesir- 
able, except for fire clays, where they lower the point of fusion. 

Miscellaneous elements include sulphur, and the oxides of titanium, 
copper, manganese, and phosphorus, and various carbon compounds. 

STATE OF MINERAL COMBINATION 

The elements mentioned above behave differently depending on their 
state of combination, i. e., on the minerals which are present in the clay. 
The minerals observed in the clays of this State are : kaolinite and related 
aluminum silicates; pyrite, bauxite, quartz, hematite, limonite, calcite, ' 
dolomite, siderite, hornblende, micas, gypsimi, feldspars, chlorite, rutile, 
and glauconite. Other minerals often found and likely to be present are 
the oxides of manganese, alum, .epsomite, zeolites, etc. 

No systematic classification has been devised to indicate the minerals 
or elements present, but the terms calcareous or ferruginous clays may 
be used to indicate the presence of lime or iron. 

Rational analyses are attempts to determine the proportion of the 
common minerals present in clay, but are valuable onjy for those clays 
that contain few 'minerals. No method is devised to separate and esti- 
mate such a list of minerals as occur in common clay. 

Chemical analyses are of relatively small importance in judging the 
value of clay, for in general the results of simple, physical tests are more 
applicable to technical problems. 



CHAPTER II 

THE PHYSICAL PROPERTIES OF CLAYS 

With all the different materials which make up clays, mixed in an in- 
finite variety of proportions, it is to be expected that there will be a 
great range in the behavior and the applicability of clays. Some of the 
qualities of these mixtures are extremely important and are the very 
foundation of most of their uses. They may be tabulated as follows : 

1. Plasticity when wet 

2. Shrinkage when drying. 

3. Tensile strength when dry. 

4. Behavior when heated (varying widely). 

Temperature of fusion. 

Rate of vitrification (temperature range). 

Shrinkage and loss of volatile parts. 

Color and toughness (strength and hardness) of product. 

5. Miscellaneous properties, such as slaking, bonding power, 

specific gravity, porosity, fineness, feel, odor, taste, homo- 
geneity. 

1. PLASTICITY WHEN WET 

By plasticity is meant the ability to be molded, and strength to retain 
the molded form. This property involves the change of form without 
rupture and at the same time such strength and solidity that when com- 
plex forms are built up they may be self-supporting. By virtue of the 
plasticity of a clay it receives and retains the forms required for great 
building blocks ; at the same time it may preserve the finest lines of the 
artist's tool. 

Unfortunately there is no simple means of determining with accuracy 
the degree of plasticity shown by clays. But any one who has handled 
a great variety of clays can quite readily tell whether a clay is of high or 
low plasticity, and even go farther and distinguish different kinds, as 
well as different degrees, of plasticity. For example, some clays run 
smoothly through a die and some will drag at the corners ; some are "rub- 
bery" and some waxy. These minor variations, though hard to express, 
are readily felt by the expert, and the uses of the clay may be in part 
affected by them. It is common to speak of clays as very plastic ("fat" 
and "rich"), or "non-plastic" ("lean" and "poor"). 

In practice, if a clay is too plastic, non-plastic material, usually sand 
or burnt clay (grog), is added. The preheating work of Bleininger is 

9 
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worthy of consideration and is discussed below mider the heading of 
Effects of Heat If too lean* a highly plastic day is added. This is 
not always satisfactor>'. If a plastic clay is not refractory, it cannot be 
added to a lean fire clay without injuring its refractory character. For 
these reasons other methods for improving plasticity have been sought 
Fine grinding may have a beneficial effect. A oxmnon method of increas- 
ing plasticity is to leave the clay exposed to weather and frost for a season 
The exact nature of the effect is uncertain, probably both fineness and 
the proportion of colloid matter being affected. A third resort is the 
addition of anunonia or organic colloids, like tannin, or any other solution 
which by experiment can be shown to give the desired result. 

In tempering a clay, water is usually added according to the judg- 
ment of the worker. Some clays as dug from the pit are found to be 
of proper consistency. \'arious clays and various processes of molding 
require different proportions of water. The percentage which is present 
in a clay when at about the consistency to be molded by hand is often 
called the "water required" or the "water of plasticity-." It varies with 
the judgment o\ the operator, but is usually reported, as a large amount 
is an indication of a tendency to crack on drying. 

2. SHRINIC\GE ON DRYING 
There is a strong attraction between clay grains and water. This is 
so great that in the plastic clay it is usually assumed that there is a film of 
water on all sides of the clay grain. The drying of such a clay would 
naturally have an effect on the size of the mass. The outer part of the 
plastic mass, being exposed to air, gives up its water, and the space be- 
tween grains either decreases, resulting in a contraction of the mass, or 
remains open, while air takes the place of water. However, under or- 
dinary conditions the attraction of clay for water causes a readjustment 
of the water from the interior of the plastic mass. Capillarity draws 
water from the center toward the drier outside and the lubricating action 
of the water allows a slight readjustment in the whole mass. As a total 
result there is the same amount of clav with a smaller amount of water, 
the films having become thinner throughout without any great change in 
arrangement. The process may be continued until the clay grains are 
no longer well lubricated. When the clay grains are actually in contact, 
the removal of water can no longer bring them closer, but there remains 
some water in the pores which will gradually be taken into the air and be 
replaced by air. Shrinkage may be measured as volume or linear shrink- 
age. It is usually assumed that one may be calculated from the other on 
the basis of volumes being proportional to the cubes of lines, but this is 
not always true, as a flat plate of wet clay will dry more rapidly from 
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the large surfaces than from the edges, and the greater part of the 
shrinkage will be at right angles to the flat surface. Shrinkage varies 
from 1 to 20 per cent linear measure, and 3 to 45 per cent volume measure. 
In the arts the shrinkage of clay is very important. If brick or china 
ware of certain size is required, allowance must be made by making the 
molded form just enough larger than the required size. If large masses of 
day must be dried or if shrinkage is great, there is often danger that the 
outside will dry and shrink before there can be the internal readjustment 
mentioned above. The rate of capillary flow varies with the fineness and 
distance and other factors. If cracks form, or the shape is badly distorted 
and warped, the mass is injured if not entirely ruined. The phenomenon 
is identical with the formation of mud cracks on the surface of a muddy 
field. In the arts the process is called "checking." If the shrinkage is 
great, masses the size of common brick must be dried slowly and with 
great care to avoid cracking. Many clays of good quality in other respects 
are now neglected because they check so badly. Such clays are often 
spoken of as "joint clays." They are usually highly plastic and require 
much water to develop the plasticity. There is, however, no constant 
relation between shrinkage and plasticity. The sandy clays and flint fire 
clays and kaolins show little shrinkage. The accepted remedy for check- 
ing is the addition of just such material as corrects excess plasticity, viz., 
sand or grog (burnt clay) or other non-plastic material. 

3. TENSILE STRENGTH 

Tensile strength is usually spoken of as the measure of the strength 
of dry clay. The strength of wet clays is not tested except in connection 
with plasticity. Probably a more useful test would be a measure of crush- 
ing strength, as the clay ware is more often subjected to pressure than to 
tension in building the kilns, but usually a clay of good tensile strength 
is strong enough, and the test is more easily made by following roughly 
the standard methods of testing cement. The tensile strength of clays 
varies from 30 to 350 pounds per square inch; 100 is enough for most 
purposes. From the plastic state to the dried state the tensile strength 
increases continuously. Clay grains, originally separated by films of 
water, have been left in intimate contact by the evaporation of that water 
and at last adhere to each other strongly. The gluelike nature of any 
colloids that may have been in solution also manifests itself as the water 
is removed. 

4. EFFECTS OF HEAT 

These are so complex that the subject must be subdivided. In out- 
line the effects are : 
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A. Plasticity, tensile strength, and shrinkage are decreased by slight 

heating. 

B. A series of volatile products are given off. 

C. Important reactions take place. 

D. Fusion occurs, in a progressive manner, to be studied at several 

stages. 

E. Quality of the product, including colors, shrinkage, toughness, 

hardness, strength, etc. 

A. EFFECT OF PREHEATING 

Bleininger,* at the Bureau of Standards, has made an exhaustive study 
of the effects of temperature up to 400° C, in the hope of correcting the 
defects of "joint" clays, those which check or crack badly in drying. His 
results show that between 250° and 300° C, there are changes in most 
clays, chiefly a decrease in shrinkage, plasticity, and the amount of water 
required. Subject to various limitations for which reference must be 
made to the original, where they are clearly discussed, the method offers 
very valuable commercial possibilities in Minnesota, since there are im- 
mense bodies of joint clay in the Red River Valley — Lake Agassiz silt. 

B. LOSS OF VOLATILE MATTERS IK HEATING CLAYS 

The hygroscopic moisture is usually almost completely removed from 
the clay ware before it is placed in a kiln for firing. During firing a 
series of products is removed, depending somewhat on the impurities 
present. The most prominent constituents driven out are water, hydro- 
carbons, carbon dioxide, and sulphur, and they require different degrees 
of heat for their removal. Oxygen may be given off or taken into the 
clay as a result of conditions of firing. 

The result at red heat is an increase in porosity without much change 
in the size or strength of the ware. A too rapid increase of temperature 
and evolution of these gases may break the clay mass, with explosive 
violence, even injuring the ware near by. Snapping of this sort is sel- 
dom troublesome if care is used in removing water. The burning of 
the organic matter produces heat, like the addition of more fuel, and 
may cause a sudden rise in temperature when not desired. Normal colors 
at this time are red, for clays containing iron. At a temperature only a 
little higher, the carbonates, chiefly that of calcium, begin to give off car- 
bon dioxide and leave a chemically active lime residue in the clay. Sul- 
phur may be evolved and oxidized from sulphides like pyrite at low 
temperatures, but it will not be evolved from sulphates like gypsum until 
very high temperatures are reached. If fusion begins before all these 

iBlelnlnger, A. V., Preheating of clay: Bull. Bur. St., Vol. 7, No. 2, 1910. 
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gases are evolved, the clay mass will swell and become vesicular or. 
"Webby," and be ruined. 

C. CHEMICAL REACTIONS 

Aside from the reactions mentioned, yielding volatile constituents, 
there is a complex condition as regards oxidation and reduction, depend- 
ing on the supply of fuel and air, and, as the temperature of the kiln 
rises, reaching the fusion point of some compound present in the clay, re- 
actions of various sorts occur. The teachings of physical chemistry also 
make it clear that reactions may occur producing a liquid from two 
soKds which are in contact even if the temperature is not high enough to 
melt either. The familiar example is a mixture of ice and salt, which is 
liquid below freezing temperature. In clays, lime and silica are exam- 
ples of such substances. The fused material later acts as a solvent, in 
which other minerals are absorbed, and at this high temperature in fluid 
or semi-fluid condition is chemically more active than before. As silica 
is the chief acid present, the main products are silicates usually of in- 
definite mixed composition. After the firing the Solidification of these 
melted parts of the clay yields the rocklike quality of the finished ware. 
These melted silicates form the cementing material between the more 
solid grains. They are largely responsible for the character of the final 
product. 

D. FUSION 

The formation of the fused silicates above discussed does not take 
place instantaneously, but progresses as the temperature increases. The 
first liquid to form, if kept at the temperature of formation, may dissolve 
a considerable portion of the surrounding material without itself becom- 
ing less fusible. If the temperature is raised, other minerals and com- 
binations reach the point of fusion, and other materials are dissolved in 
the melt. 

The effect on the clay is, therefore, to be studied as a progressive 
matter, not as a sudden change of conditions from solid to liquid. Three 
stages are usually noted. The "temperature of fusion" is usually that of 
viscosity under no load. Fusion under load^ is a test applied only to 
refractory clays. 

I. At incipient fusion only a few minerals and combinations have 
fused. If the fused parts are abundant, the whole mass will cool to a 
product that cannot be scratched with a knife, so that the hardness of 
the product is the common sign of incipient fusion. This degree of fusion 

iBIeininser, A. V., and Brown, G. H., The effect of heaUng Are clays under load 
condltloiui: Traiis. Am. Cer. Soc, Vol. 12, p. 837. 
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causes very little shrinkage. Common brick usually require no further 
heat. Fire clays are not often burned even to this stage. 

II. At vitrification enough of the clay has fused so that pores be- 
tween unfused grains are nearly all filled, but the unfused portion still is 
abundant and the fused portion is so viscous a liquid that the ware keeps 
its shape. Shrinkage is usually high. A large amount of high-grade 
ware is burned to vitrification, or very near it. Porcelain and china- 
ware, roofing tile, paving and foundation brick, and sanitary ware, arc 
usually vitrified, and some of them are also glazed. This makes the ware 
impervious to water. Many vitrified bricks are used also as building 
brick since they are durable and resistant, and many of them have a fine 
color. 

III. At the point of viscosity the unfused particles in the clay arc 
surrounded and suspended in the fused and liquid portion, and the brick 
flows, destroying the original form. When brick have been piled in a 
kiln and burned to the approach of viscosity, they may stick together, 
and, if deformation is not too great, the breaking up of the resulting 
mass may give blocks of about the size and shape of brick with the 
rough irregular fracture of broken stone. Such brick can be used in pro- 
ducing many artistic effects and have become quite popular as "klinker 
brick." The actual temperature of viscosity, commonly noted as the 
fusion temperature, ranges widely. 

Range of vitrification. — Most important in testing a clay to find its 
applicability to different processes of manufacture is the range in tem- 
perature from incipient fusion to viscosity. In firing a kiln full of clay 
ware the combustion chambers cannot be so distributed as to give an ab- 
solutely uniform temperature throughout. Well-made, expensive kilns 
can approach closely to that uniformity, but there is always likely to be 
a variation of a few degrees. If it was desired to fire a brick to vitrifi- 
cation at 1200° C, it would be likely that the top or bottom courses 
would reach only 1160° and the brick nearest the fire might reach 1240°. 
If the point of incipient fusion was only 40° below the point of vitrifica- 
tion, the underburned brick would not be salable. But if the incipient 
fusion was 100° to 200° below vitrification, there would be every reason 
to expect that all the brick fired to within 40° of the point of vitrification 
would be so nearly vitrified that they would be entirely satisfactory. On 
the other hand, if viscosity was reached at 1240°, the brick near 
the fire would be waste, while if not reached for 200° after vitrification, 
the brick burned to 1240° would no doubt be of good quality. The losses 
due to underburning and ovcrbuming may be as high as 30 per cent of 
the kiln. 

The importance of this determination of the range of temperature 
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during fusion has led to a careful study by R. C. Purdy* resulting in 
recommendations for tests of porosity and specific gravity as a measure 
of vitrification. The diagrams (Figs. 8, 9, 10, and 11) give a general idea 
of the method used in distinguishing the applicability of a clay from its 
behavior. By firing bricklets of clay to several different temperatures and 
determining their porosities, a curve can be drawn to show the rate of 
\Ttrification. The position of this curve as compared with Purdy's dia- 
gram, will indicate the applicability of the clay. (See Chapter V.) 
.Much more commonly one judges the behavior of a clay by simple in- 
spection of the bricklets burned to several different stages. A knife will 
easily show whether the clay has been burned so that it cools to a hard 
product — to the temperature of incipient fusion. The stage at which 
viscosity is reached is shown by the deformation of the bricklet. If 
these are widely separated in temperature, the clay can be safely vitrified. 
The temperatures to which common clay wares are burned are shown in 
the following table, in terms of Seger cones.^ 



»Purdy, R. C, Pavlngr brick clays of Illinois: Illinois Geol. Sur., Bui. 9, pp. 277-8. 

2Seger cones are small cones of clay and salts mixed so that they soften or col- 
lipte at definite temperatures. 



SEQER CONES 



FUSION POINT 



No. Of Cone. 



Cent, 



Fahr. 



022 


590 


1094 


021 


620 


1148 


020 


650 


1202 


019 


680 


1256 


018 


710 


1310 


017 


740 


1364 


016 


770 


1418 


015 


800 


1472 


014 


830 


1526 


013 


860 


1580 


012 


890 


1634 


Oil 


920 


1688 


010 


950 


1742 


09 


970 


1778 


08 


990 


1814 


07 


1010 


1850 


06 


1030 


1886 


05 


1050 


1922 


04 


1070 


1958 




1090 


1994 




1110 


2030 


01 


1130 


2066 
2102 




1150 




1170 


2188 




1190 


2174 


4 


1210 


2210 


6 


1230 


2246 


€ 


1250 


2282 


7 


1270 


2318 



FUSION POINT 



No. of Cone. 



Cent. 



Fahr. 



8 


1290 


2354 


9 


1310 


2390 


10 


1330 


2426 


11 


1350 


2462 


12 


1370 


2498 


13 


1390 


2534 


14 


1410 


2570 


15 


1430 


2606 


16 


1450 


2642 


17 


1470 


2678 


18 


1490 


2714 


19 


1510 


2750 


20 


1530 


2786 


21 


1550 


2822 


22 


1570 


2858 


23 


1590 


2894 


24 


1610 


2930 


25 


1630 


2966 


26 


1650 


3002 


27 


1670 


3038 


28 


1690 


3074 


29 


1710 


3110 


30 


1730 


3146 


31 


1750 


3182 


32 


1770 


3218 


33 


1790 


3254 


34 


1810 


329C 


35 


1830 


332e 


36 


1850 


3362 
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Common brick Cone 012 — 01 

Hard burned common brick 1 — 2 

Buff face brick 5—9 

Fire proofing 03 — 1 

Terra cotta 02 — 8 

White earthen ware 8 — 9 

Fire brick 5 — 14 

Porcelain 11 — 13 

Sewer pipe 3 — 7 

E. QUALITY OF THE PRODUCT 

After cooling from the heat treatment the quality of the product can 
be tested in various ways. The various steps in the process of heating 
have important effects. Color will be due largely to the presence of iron, 
or sometimes to manganese, but in the firing it will be modified by the 
oxidizing or reducing gases and by the degree and temperature of vitri- 
fication. Shrinkage becomes notable at the beginning of fusion, is com- 
plete at thorough vitrification, and is followed by swelling in some cases 
if gases are evolved after the formation of much glass. The hardness, 
strength, and toughness are all low until the fusion begins; then the 
quantity of glassy cement becomes the controlling factor; at vitrification 
the character of the glassy cement becomes the dominant factor. The 
hardness of burned clay is usually tested by comparison with tempered 
steel. 

MISCELLANEOUS PHYSICAL PROPERTIES 

The slaking of a clay is the tendency of a dry lump to absorb water 
and fall to pieces when immersed. Clays which slake promptly are 
easily rendered plastic without fine grinding. 

The bonding power of a clay is its ability to hold in suspension less 
plastic material and to render the whole mass plastic and strong. It is 
usually, but not always, good, if plasticity is high. 

The properties of specific gravity, porosity, fineness, feel, and color 
of raw clays have less certain connection with the uses or availability of 
the clays and, though there may be some relationships, no one has yet 
stated an exact system by which one may judge the useful properties 
from them. The fineness of grain probably affects the fusibility and rate 
of fusion of impure clays, but this is less notable in high-grade clays.* 

Homogeneity might be considered a physical property and is of im- 
portance in the application of clays to industries, as the variable clays 
need more careful selection and mixing. 

iHofman, Trans. Am. Inst. Min. Bng., 1898. 



CHAPTER III 

CLASSIFICATION AND ADAPTABILITY OF CLAYS 

THE BASIS OF CLASSIFICATION 

Various classifications of clays have been proposed for various pur- 
poses. Commercially, the uses of the clays are the basis of names. Geo- 
logically, the origin is important. Technically, the physical properties of 
the day are most distinctive. 

CLASSIFICATION BY USES 
The uses of clay are listed by H. Ries as follows :^ 

DMiettie. — Porcelain, white earthenware, stoneware, yellow ware and Rocklnsr- 
fttm ware for table service and for cooking; majolica stoves; i>olishiner brick, bath 
brick. Are kJndlers. 

Structural, — Brick : common, front, pressed, ornamental, hollow, glazed ; adobe ; 
t*nm cotta; roofing tile; glazed and encausUc tile; drain tile; paving brick; chimney 
flii«s; chimney pots; door knobs; flre-proofing; terra cotta lumber; copings; fence 



Hpgiemie. — ^Urinals, closet bowls, sinks, washtubs, bathtubs, pitchers, sewer pipe, 
mtHatlng flues, foundation blocks, vitrified bricks. 

DeeoraHve. — Ornamental pottery, terra cotta, majolica, garden furniture, tomb- 



Mimor ut9. — ^Food adulterant; paint fillers; paper filling; electric insulators; 
pomps; fulling cloth; scouring soap; packing for horses' feet; chemical apparatus; 
eoBdensing worms; ink bottles; ultramarine manufacture; emery wheels; playing 
marbles ; battery cups ; pins, stilts, and spurs for potters' use ; shuttle eyes and thread 
ffuides: smoking pipes; umbrella stands; pedestals; filter tubes; caster wheels; pump 
w h e els ; electrical porcelain; foot rules; plaster; alum. 

Refractory wares. — Crucibles and other assaying apparatus ; gas retorts ; fire 
bricks; glass pots; blocks for tank furnaces; saggars; stove and furnace bricks; blocks 
ter fire boxes; tuyeres; cupola bricks; mold linings for steel castings. 

Mmffimeering worke. — Puddle; Portland cement; railroad ballast; water conduits; 
turbine wheels; electrical conduits; road metal. 

Of these, the uses of sufficient importance to give variety names to 
days are: 

Claaa Names on the Baaie of Uaea 

Fire clay Brick clay Paper clay 

Slip clay Olasspot clay Tile clay 

Stoneware clay Paving brick clay Sewer pipe clay 

Saggar clay Paint clay Pottery clay 

Terra cotta clay Adobe clay China clay 

These terms are rarely used in a restricted sense. The same term 
may be applied to widely different clays. Different terms may be applied 
to similar clays. It is hoped that they will be used less as the properties 
of the clays are better known. 

iRles, H., and Kttnunel, H. B., Clays and clay industry of New Jersey ; Final Re- 
port of State Geologist, VoL 6, pp. 218-4. 

8 J7 



18 



CLAYS AND SHALES OF MINNESOTA 



CLASSIFICATION BY GEOLOGIC ORIGIN 

In the discussion of geologic processes the following classes may be 
mentioned : 

Clasa Names Based on Oeologio Origin 

I. Residual 

a. From igneous and metaphorphic rocks 

b. Prom sediments 
II. Colluvlal 

III. Transported 

a. Marine 

b. Estuarine 

c. Lacustrine 

d. Alluvial, flood plains and terraces 

e. Glacial 

1. Till 

2. Lacustrine 

3. Alluvial 

4. Loess 

IV. Metamorphosed slates 



.1 



•J 



CLASSIFICATION BY PHYSICAL PROPERTIES 

In the classification on the basis of physical properties, it is desirable 
to select the most important of the properties for first divisions and the 
less important ones for subdivisions. Of the physical properties discussed 
above, plasticity, strength, and behavior in the fire are most note- 
worthy, and of these the fusion phenomena are fundamental. If the 
plasticity or strength are not satisfactory, the deficiencies may be cor- 
rected by additions of suitable proportions of other clays. If the range 
of vitrification is too small, it is very difficult to make a proper addition to 
correct it. 



CJaaa Names Baaed on Physical Properties 



I. Refractory 
(above cone 27) 



Earthy, usually residual, non-plastic 

Plastic 

Flint -like, non-plastic 



Main Uses 

China clay 
Ball clay 
Fire clay 



II. Semi-refractory 
(above cone 10) 



Safely vitrifying 



Rapidly fusing 



red burning 

buff or cream 
burning 



• • • • 



j Sewer pipe 
(Paving brick 

. Stoneware 

!Low grade 
fire clay 



III. Non-refractory 
(below cone 10) 



^ ^ , ( Drain tile 

/red burning .... j^^^^^^^^^^ ^^^ick 

Safely vitrifying / 

I buff or cream ( Vi trifled brick 

^ burning i Foundation and 

( sewer brick 

Rapidly fusing Common brick 



Subdivisions of II and III may be made on the basis of degree of plasticity, or 
some other physical character. 
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RELATION OF PHYSICAL PROPERTIES TO USES 

Common brick clays should be fairly plastic and should bum hard 
below cone 1 (2100^ F.). The product should have a pleasing colon 
%lier plasticity is required for stiff-mud than for soft-mud brick. 

Clay for front brick should be somewhat more plastic so that the brick 
may hold their form better and present smooth surfaces and square cor- 
oers. The color after burning is a more important matter in this case. 
Such brick are nearly always burned so hard that they cannot be 
scratched with a knife. They should have a good range of vitrification 
to avoid heavy losses from deformed brick. 

Brick with a glased surface, allowing the original color to show 
lirough, or with an enamel, an opaque coating, with its own color, 
Deed not be very different from common brick, if the fused coating is 
so adjusted as to expand and contract with the body of the brick. If 
the expansion of the body is different from that of the surface, the two 
would crack away from each other on cooling. 

Hollow brick and fire-proofing blocks are made to secure lightness 
in weight. Other properties being equally good, the lighter and more 
porous product is the more desirable. The clay must be plastic enough 
to work in an auger machine with a die for the hollow center. Often, 
if the bonding power is good, it is desirable to add sawdust to increase the 
porosity. The dried clay must have moderate tensile strength. The 
burned color is immaterial, but the red blocks are usually ferruginous 
and somewhat heavier than the lighter colored ones. The burning must 
produce strength and durability in the product, rather than hardness, 
density, or beauty.* 

Clay products to withstand temperature changes when wet, — Founda- 
tion brick, sewer brick, and sidewalk brick, all of which are often subject 
to frost, differ from common brick only in the degree of vitrification. 
These must be so well vitrified that water cannot enter in such a way as to 
disrupt the brick on freezing. It should be possible to vitrify the clay 
almost completely — to a porosity of only 4 or 5 per cent — without leaving 
many soft brick or many viscous deformed brick in the kiln. 

Paving bricks and blocks require the same kinds of material as foun- 
dation, sewer, and sidewalk brick, but with the additional quality of 
toughness of the product. This is even more important than com- 
pleteness of vitrification. From some clays the toughest brick are ob- 
tained by stopping the heat before vitrification is complete. There 
is no way to foretell from the composition and raw properties of the 



!4S. 



iSpeciflcations have been formulated and can be found in Eng. News, Vol. 47, p. 
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clay whether or not it will yield a tough product. It is necessary to try 
them, in actual practice, by several methods. 

The clays for drain tile are similar to those used in making stiflF-mud 
brick. The form of a tile is such that there is a strong tendency to warp 
and crack in drying. If the molded form does not warp on drying and 
does not show auger laminations, it will probably make good drain tile.^ 

Wall and floor tile should be niade from days similar to those used 
for hard paving bricks, and, in addition, the product should have a pleas- 
ing color. 

Terra cotta clay must be very highly plastic and very strong to re- 
tain the complex ornamental designs imposed upon it. The clay is usual- 
ly selected with great care to obtain uniform color and a strong product 
free from cracks. The clay should have a good range of vitrification, but 
usually is not burned very hard. 

Clay for sewer pipe must be much like that for paving bricks. The 
product is not subject to the same severe abrasion, but the forms are so 
large and thin-walled that high strength is a necessity. Only a small 
amount of shrinkage is allowable, as warping and cracking are fatal de- 
fects. A dark colored product, usually obtained by a salt glaze, is de- 
manded by the market. 

Clay for porcelain, pottery, china, and other domestic and sanitary 
ware, requires the highest degree of preparation and control. It must 
be plastic and free from sand. As a rule it is washed to remove impuri- 
ties. It must be strong to hold its shape and it must not shrink so much 
that it warps. It must bum white, or very light, and partially vitrify with- 
out danger of losing its form. The range should be over 200° F. The 
product should be tough and strong. When a glaze is to be applied, the 
thermal expansion should be the same as that of the glaze, to prevent 
cracking. 

Refractory clays must primarily stand at high temperatures in the 
structure desired, and sometimes they are subjected to repeated heating 
and cooling without losing their strength and infusibility. Many of the 
refractory clays are non-plastic, and ordinarily one does not expect high 
plasticity or much strength of the product. But if these are too weak, 
additions of plastic clay or bonding material must be made even at the 
expense of fusibility. In some furnaces ware with very coarse grain 
and open texture is wanted in order to prevent rapid conduction of heat 
Such ware is formed by the addition of large amounts of crushed burned 
clay — grog. In other furnaces clay is desired which burns to a very 

iTests for good drain tile have been formulated by the Am. Soa Testing Materials. 
Proceedings. Vol. 11. p. 838. 
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whether or not a clay may be burned to a hard product successfully, for 
if a clay becomes viscous at a few degrees above the temperature where 
it begins to fuse, it is almost impossible for the entire kibi to reach the 
point of incipient vitrification before some of the brick have melted. 

3. Special tests, — Refractory clays were tested in a Meeker Muffle, 
and some impure clays were washed, as nearly as possible by the methods 
commercially successful. A few analyses were made. Slip clays were 
applied to a semi-refractory clay after preliminary firing. Tests of fine- 
ness were conducted on a few clays with a series of sieves. 

4. Tests of clay products made in Minnesota were confined to brick 
and hollow tile. Transverse tests were made on thoroughly dry brick 
and modulus of rupture calculated by the usual formula. Absorption 
tests were made by weighing the brick first when thoroughly dry, and 
later after they had been boiled in water four hours. Crushing tests 
were made on five wet and five dry bricks. 



CHAPTER IV 

TECHNOLOGY OF CLAYS 
. PROSPECTING 

THE USUAL METHOD OF PROSPECTING 

Most develoi>ed deposits of clay have been found by men in other 

pursuits, who had the requisite knowledge and skill to observe the signs 

about them and investigate what others would pass by unheeding. One 

who has become familiar with the appearance of one clay will recognize 

a similar material elsewhere. A plowed field, an excavation along a 

road, a well, a post hole, or the bank of a stream, may reveal valuable 

days. Most common clays lie near the surface and may be found by 

examining any place where the soil has been removed. If there are no 

such places, a dirt auger with an extension handle is the simplest means 

of making excavations. Some clays, however, do not lie so near the 

surface and are not so easily discovered. Yet if they are fire clays, or 

kaolins, it may still be worth while to develop the deposit if it can be 

discovered. Other methods of prospecting are useful. 

THE METHOD OF STRATIGRAPHY 

The method of stratigraphy has for its foundation an assumption 
which is fairly reliable, if used with caution. Where sedimentary for- 
mations lie in nearly horizontal layers, it may often be assumed that they 
are continuous underground, even if the soil and vegetation have ac- 
cumulated so that the rock is concealed. The logic may be illustrated 
by an example in Minnesota. The rock formations of southeastern Min- 
nesota, where well exposed, at many places show bluffs at the top of 
which is a limestone containing such fossils that it is identified as the 
Galena. Below it come in order the Decorah shale, the Plattville lime- 
stone, and the St. Peter sandstone, each with a definite thickness and 
character. If near Faribault, for example, there should be a number of 
such exposures, of uniform character, and at the particular place where 
it is desired to use the Decorah shale no outcrop occurred except the 
Galena, it would be safe to conclude that under the surface, the Decorah 
exists as it does in other parts of the neighborhood. (See Fig. 4.) This 
assumption is useful in finding some clays. A line of springs along a 
hillside also often gives evidence of clays underground. 

More rarely, when conditions seem to warrant it, drill holes and shafts 
are siink to considerable depths in search of clays. 

23 
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been experimenting on it for many years. The actual machinery of 
washing is comprised in a space not over 20 feet square and 15 feet high, 
and washes 130 yards of clay in a day. The clay from the bank is hauled 
by cable car to the washer. Here it is mixed with an excess of water 
and agitated by a series of vertical rods fastened to a rotating cross beam. 
The harrow-like motion of these rods has a tendency to throw the larger 
pebbles toward the center of the washer, while the fine clay and sand re- 
main suspended and distributed throughout the pit. Near the center 
of the pit a bucket elevator of continuous operation dips into the pit and 
removes the gravel. At the sides of the pit an opening covered with a 
screen of the proper mesh allows the escape of the fine sand and clay. 
These are conducted to one of the series of open ponds in which they arc 
allowed to settle. After a time some of the water may be pumped off and 
the rest is left to sink into the ground. The sand naturally settles close 
to the intake of the pond and the clay is carried to the farther side of 
the pond. After partial drying it is ready to be taken to the stiff-mud 
machine where the clay and sand are mixed in approximately the same 
proportions in which they existed in the drift before the washing. The 
gravel is sold for concrete. Both the clay and sand contain a consider- 
able amount of calcium carbonate, but, if care is taken that the coarser 
sand is removed, no damage is done by the impurity, and it is certainly 
less abundant than in the unwashed drift. The plant at Hutchinson 
makes use of three round down-draft kilns, and plans are made to double 
the capacity. It has been found possible with this clay to produce a very 
good drain tile and hollow building block, so that the production of 
common brick has become a secondary matter. The drain tile are of ex- 
cellent quality and are famous for their ability to withstand freezing. 

A large plant of this character, shipping its product over a large ter- 
ritory, would meet competition with plants using clay free from lime- 
stone pebbles, and, therefore, more cheaply worked. For a local plant 
of medium size, however, there is promise of success, and there is room in 
the western and northern parts of the State for several such plants. See 
the reports on Pipestone and Douglas counties. 

MOLDING 

Brick are molded either as very soft mud by hand or machine; or 
as stiff mud by an auger machine; or nearly dry by a press. Some- 
times after molding and partly drying, brick are sent to a press to be im- 
proved in form and structure. A common defect in structure is shown 
in Plate H A. Most hollow ware is molded by a stiff-mud process. 
Sewer pipe are made of stiff mud, but with an intermittent press instead 
of a continuously acting auger. 
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Pottery is molded by several processes, some of it being hand molded, 
s(Bne tamed on a v^heel, some pressed in plaster molds, and some "cast" 
in plaster molds. 

The process of glazing is sometimes conducted by adding a coating 
on the surface of the wrare as molded, but in less valuable ware is brought 
about in burning by the addition of salt vapors. 

DRYING 

The supply of air and the temperature must be regulated usually so 
that the ware is not dried too fast at first. This would crack most clay 
ware. Many devices are made use of to regulate the rate. Brick arc 
commonly dried in open air or under sheds, sometimes on racks. Some 
bride and the more complex wares are dried in tunnels with artificial 
heat, or in large drying rooms. 

BURNING 

The kilns used, fuel burned, and temperature desired are diverse. 
Probably nine-tenths of the bricks burned are simply piled on a level 
place with arched spaces left for fire at the bottom and open work 
enough in the body of the kiln for the heated gases to rise through. 
The outside layers may be piled close and plastered with mud to keep 
the cold air out. The fuel is often wood, though coal is used at some 
plants. This is a scove kiln. A kiln with permanent walls may be an im- 
pro\'ement on this, but usually if a wall is built, the arrangement of fire 
box and chimney are altered so that the heat of the fire goes first to the 
top of the kiln, and, passing down through the bricks, leaves by a flue at 
the bottom. This is the down draft kiln. It may be round or oblong. 
Pottery is burned in kilns with arrangements for keeping the combustion 
gases away from the ware. The pottery is often surrounded with fire 
day boxes — saggars — to keep it from contact with the flames. Gas is 
a desirable fuel. For economy in heat, many attempts have been made 
to devise continuous kilns, where gases passing from one combustion 
diamber are conducted to another to warm it up, preliminary to com- 
bustion in that chamber. 

The burning process may be arbitrarily divided into three parts : ( 1 ) 
dehydration; (2) oxidation; (3) vitrification. Dehydration always oc- 
curs and in some clays requires considerable time. Oxidation takes 
place only in those clays containing iron or organic matter or both. 
The process of oxidation may take a large amount of time and the 
ware must be kept at a good red heat until it is finished, before any 
attempt is made to raise the temperature to the beginning of the melting 
process— or vitrification. For if the clay begins to melt before oxidation 
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h coasfieic, the ware is almost ocrtain to svdl and puff out of shape and 
be discolored inside. More losses and tnxibk aie due to mismanage- 
ment at this stage than at any other. During vitrification the clay be- 
gins to melt and the liquid formed fiOs die spaces between unmdted 
grains, reducing the porositj. Good ritrificadoo makes a product that 
will be much more resistant to frost and abrasion than material not 
vitrified. 

Minor features of burning worthy of mention are glazing, flashing, 
and the formation of efflorescences. Glazii^ is sometimes accomplished 
by throwing salt on the fire wbtn the Idln is at its hottest Flashing is 
a process by which the color of the products mntaining iron can be bright- 
ened and changed depending on the r^^ulation of the supply of fuel and 
air. Efflorescences may 2ppcaLT on brick after burning. They are doe 
partly to salts concentrated on the surface during drying, but partly also 
to the action of combustion gases in die kiln. 

USE OF THE PRODUCT 

The method by which a brick wall or pavement is constructed has 
a great deal to do with the satisfaction it gives, ^th drain tile, also, it 
is known that the metfiod of placing the tile is an important factor in 
the success of drainage. The purchaser of day brick and tfle should not 
be content to get good wares, but should see to it that they are properly 
used. 

The advantages of the use of clay products are fairly well known. 
The excellent quality of the paving brick clays and drain tile clays in 
this State should especially favor the use of local material for these 
purposes. There will undoubtedly be an increasing demand for both 
paving and tile. 



CHAPTER V 

GEOLOGY OF MINNESOTA WITH SPECIAL REFERENCE 

TO CLAYS^ 

PHYSIOGRAPHY 

Minnesota exhibits a series of morainic belts and partially filled kettle 
hoieSi alternating ivith more gently undulating belts of modified glacial 
drift, and several large lake beds, the most notable of which are those 
of ancient Lake Agassiz in the northwestern part of the State and the 
ddta deposits of the glacial Lake Superior. Rock hills rise in rounded 
masses through the drift in a few points, mostly in the northern part. 
In the extreme southeastern corner is the driftless area, occupying por- 
tions of a few counties, where outcrops are more frequent, although 
most of the surface has been covered by a veneer of loess from 1 to 12 
feet thick, averaging about 4 or 5 feet. This loess tends to smooth over 
any small irregularities in the surface. 

The principal drainage system is that of the Mississippi River and 
its intricate net of tributaries. In the northwest the Red River of the 
North constitutes the main drainage basin. A small area drains into Lake 
Snperior. 

GEOLOGIC HISTORY 

The rocks of Minnesota range in age from the earliest Archean 
granites and schists to the Recent alluvium. The accompanying table, 
Plate VI, arranged in order of age with the oldest formations at the bot- 
tom and the youngest at the top shows the principal formations found 
within the State. 

The oldest known formation in Minnesota is the Ely greenstone of 
Archean age, occurring in the northern part of the State. It is probably 
for the most part of igneous origin. Much of it has been metamorphosed 
to a schist and the remainder is so altered by pressure and folding and ig- 
neous intrusions that its original character is effectively obscured. Be- 
fore the end of Archean time sedimentary rocks were deposited and in- 
tmsions of granite magmas forced their way upward. These now 
occur as enormous masses of granite and gneiss in the older Archean 
greenstones and schists. With the processes of sedimentation came the 
deposition of material rich in iron and processes began to operate which 

^Credit for the main features of the discussion of the geology is freely given to 
N- E Winchell and Warren Upham, Final Reports of the Minnesota Qeol. and Nat. 
Hist Survey. Also to C. W. Hall and O. E. Meinzer who contribute some new data on 
*<nitheni Mliuiesota In Water-Supply Paper, No. 256, U. S. Oeol. Survey. 
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resulted in the fonnation of g^eat bodies of iron ore. Many of the 
granite intrusions of this time were of such great extent that little of 
the intruded rock is now in evidence. 

Following the Archean period came the deposition of a great series 
of sediments over most of the northern part of the State and large parts 
of the south. After their deposition they were metamorphosed by pres- 
sure and both acid and. basic rocks were intruded. These sediments and 
intrusives make up the Algonkian system. 

Near the close of Algonkian time, the basic Keweenawan rocks were 
erupted mainly as an immense series of flows. This igneous activi^ 
was followed by further sedimentation and erosion until Paleozoic time, 
when, with the advance of the sea, conditions became favorable to the 
formation of sandstones, limestones, and shales. These covered most 
of the State except the northern and northeastern parts. During Paleo- 
zoic time the area emerged for a period and was then again submerged, 
for there is an unconformity between the Ordovician and Devonian. The 
close of the period is marked by a complete emergence. 

Following the emergence of the land after the Devonian, there came 
a long period of erosion and weathering through the latter part of Pale- 
ozoic and most of Mesozoic time. The Cretaceous sea, in which all the 
next sediments were deposited, encroached upon the land from the west 
and gradually spread eastward, partially submerging the older rocks, all 
except the highest ridges, which extended above the sea to form islands. 
The rocks appear to be of Dakota or Benton age, in terms of the forma- 
tions known farther west. There is here a pronounced unconformity. 
The Cretaceous rests directly upon the much-weathered Archean surface 
in many places. The conditions under which such decomposition of 
granite could occur must have been the long continuous weathering of a 
region of comparatively low relief, for had the surface been one of much 
relief, erosion would have removed the soft decomposition products. 

After the recession of the sea in late Cretaceous time the region has 
not again been submerged. Much of the Cretaceous was probably eroded 
before the invasion of the continental ice sheets, and much more of it 
was removed by this glacial erosion. 

PLEISTOCENE 

By Frank Leverett, of the United States Geological Survey 
In Minnesota the Pleistocene deposits show a peculiarly complex his- 
tory, there being not only recurring stages of glaciation separated by 
long stages of deglaciation, but also a complexity of ice movement in a 
given glacial stage. There was one movement into Minnesota from the 
northwest, another from the north, and a third from the northeast in the 
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latest of the glacial stages (the Wisconsin), and possibly there was sim- 
ilar complexity in earlier stages. These movements were not synchronous 
in their advance, culmination, and waning, but instead each had its own 
time of waxing and waning. The interpretations of these complex con- 
ditions are incomplete as yet, and the relations of ice lobes set forth in 
the accompanying glacial map are at best only approximate. 

(1). The oldest glacial deposit, the pre-Kansan or Nebraskan, is so 
completely buried beneath later deposits that it is not drawn upon in 
the clay industries so far as known to the writer. The attenuated edge 
of this drift may be exposed in the southeastern counties. 

(2). Deposits of a clayey and silty character have been found in a 
few places at the junction of pre-Kansan and Kansan drifts which rep- 
resent accumulation in the Aftonian interglacial stage. They are, how- 
ever, of slight thickness and limited extent and rarely seen in either 
natural or artificial cuts and hence not likely to figure in the clay re- 
sources of the State. 

(3). The Kansan drift is extensively exposed in the southeastern 
part of the State and also in part of Pipestone and Rock counties in 
the southwestern. It is generally of clayey texture, but seldom is suf- 
ficiently free from stones to be considered valuable in clay industries. 
It contains local pockets or lenses of marly pebbleless clay which may 
prove of value in these industries. 

(4). The results of subaerial action on the Kansan drift have been 
of some importance to the clay industries. Through the agency of wind 
much of the surface in the southwestern corner of the State and part of 
the southeastern has become coated to a depth of several feet with loess. 
This pebbleless deposit, composed of fine dust that settled over these 
districts, has been used widely in brick and tile manufacture in other 
states and may be so used in this State. 

(5). The Wisconsin drift so far as developed by the movement of 

ice from Manitoba in its course across western and southern Minnesota, 

is largely of clayey texture, but, like the Kansan drift, it contains usually 

too many small stones to be of value for brick or tile. These stones, 

moreover, are largely limestone and especially unfavorable constituents 

because of slaking in the process of manufacture of brick or tile. There 

are lenses and pockets of pebbleless clayey material included in the stony 

clay which may become of limited value locally. Furthermore, this drift 

where freed from limestone pebbles by the Hutchinson process, described 

on page 25, becomes a satisfactory material for manufacturing brick and 

drain tile. 

(6). The Wisconsin drift, so far as developed by movement of ice 
from the north or northeast across eastern and central Minnesota, is 
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largely stony and coarse-textured and unsuitable for 
there are silt or clay pockets in it.. 

(7). The lake silts laid down in bodies of water i 
perior and Red River basins are locally thick enough 
industries, the plants at Wrenshall being a conspicuc 
dinarily there is a thin deposit of lacustrine sediment 
of these old lake beds, but in certain localities it is 
while on the borders of the basins the bowlder clay 
beach ridges are prevalent surface features. 

(8). In addition to the great glacial lakes of the 
River basins, there were numerous small lakes or pond 
border of the ice, in which silt was deposited. Sue 
north of Princeton at the large plants of Brickton, anc 
cur farther east along the northern edge of the lobe of 
northeastward from the Mississippi to the St. Croix 
Twin Cities. 

Since the retreat of the ice there has been only a i 
of the surface and very little accumulation of material ( 
sion. A few lakes and swamps have been filled and 
drained. The large nver channels have been silted u] 

GEOLOGIC FORMATIONS AND ASSOCIATEI 

ABCHEAN SYSTEU 

The rocks belonging to the Archean system whi 
Minnesota consist of greenstones, granites, gneisses, sc 
They underlie all other formations everywhere and cc 
member upon which the subsequent strata were laid di 
Minnesota these Archean rocks include the productive ir 
tion of the Vermilion Iron Range. In the western part 
blende and biotite schists and granites are known to 
taceous formations in many localities where they outc 
encountered in deep wells. Granite and gneiss outcrop in central Minn^ 
sota and are known by well records to underlie the greater part of south- 
em Minnesota. 

In the southwestern portion of the State where the Archean rocks 
are covered by Cretaceous sediments, they are invariably decomposed 
near the top to a white clay. Evidence of this is clear in the numerous 
wells throughout the region, in addition to the occasional outcrops. The 
clay extends downwards in some instances to a depth of fifty feet, where 
it grades into soft rotten granite of various shades. The upper portion 
of the residual clay also grades into the Cretaceous sedimentary clays 
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t the dividing line has rarely been determined. It is more than 
le that in some cases where great thicknesses of residual kaolin 
x)rted, some Cretaceous clay is included. Much of the residual 
of excellent quality. Outcrops are known chiefly along the Min- 
Valley from New Ulm up to the vicinity of Montevideo. Well 
» show this type of clay in Big Stone County at a depth of 250 to 
et; in Chippewa County at depths of about 700 feet; in Lac qui 
x>unty at 150 feet; in Lyon County at 200 to 600 feet. Probably 
^•s are extensive and more or less continuous in the counties north 
5st where well records are not available. 

I following analyses of the clay, and one of the clay after washing, 
lilable : 

Table I. Analifaea of Residual Olaya. 




Dzide 
\ oxide 
la I 
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43.86 


46.92 


41.71 


62.04 


41.82 


39.84 


1 34.61 
4.58 ) 
6.88 C 


25.54 
1.89 


very 

small 

n. d. 

n. d. 

1 14.65 


very 
small ' 
n. d. 
n. d. 
14.12 


0.22 

1.16 

0.11 

trace j 
12.69 
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37.88 

26.96 
15.78 

1.74 
trace 

0.95 
16.88 
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I 101.96 I 
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y from Morton. F. F. Grout, analyst. See U. S. Geol. Survey, Water Supply 

aper, No. 256, p. 310. 

r washed from a decomposed grranlte. Redwood Falls. F. F. Grout, analyst. 

r. S. Geol. Survey, Water Supply Paper, No. 256. 

r from decomposed gneiss, Birch Cooley, near Morton. A. D. Meads, analyst. 

y partially analyzed by L. B. Pease. 

hlunlte." Average of three analyses by S. F. Peckham. Described In Mlnne- 

ota Geol. and Nat. Hist. Survey, Vol. 2, p. 196. 

is hoped that this widespread residual clay may be used after a 
ig process as a kaolin for porcelain and china-ware products. A 
washing test in the laboratory on a few widely separated samples 
that about 50 per cent of the crude product can be washed through 
nesh sieve. This finer portion of the clay burns to a clear white and 
ifter being glazed shows very little darkening of the color. These 
ire the most refractory in the State and are capable of being used 
J highest grade of clay products. (See also Figs. 8 and 9.) 



ALGONKIAN SYSTEM 



s system is subdivided into the Keweenawan, Upper Huronian, 
)wer-Middle Huronian. Each of these groups is separated from 
ler by a marked unconformity. 
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The lower-middle Huronian is not known to include clays, but n 
sists of granites, granite porphyries, dolerites, slates, graywackes, andd 
glomerates. The sedimentary series attains a thickness of 5,000 f 
in the northern part of the State. 

Upper Huronian. — ^There are a number of distinct formations I 
longing to this series. These include the following: (1) Pok^ 
quartzite; (2) Biwabik and Gunflint iron formations; (3) Virginia dd 
and slates and schists near Carlton and Little Falls ; and (4) acidic d 
basic intrusives. Besides these there is the Sioux quartzite, thought 
some to be equivalent to the Pokegama, while others place it in the loi 
middle Huronian. 

Outcrops of these rocks are confined to the central and noi 
part of the State except those of the Sioux quartzite, which art in dii 
southwest portion. The slates cover the largest area and attain gid 
thickness. (See Plate II B.) 

None of these rocks contains any clay deposits of importance, brtcfr 
periments made in connection with this report show that some of At 
slates exposed in Carlton County, when crushed and mixed with a saal 
amount of common clay from the drift, will make a beautiful fimcj brick 
of high quality. In the Sioux quartzite are some layers of a sOidbt 
shale known as pipestone. No single body of it is over four feet tbkkt 
and it is of no importance in ceramic industries. Some ferruginous laycn 
of clay in the Biwabik formation are called "paint rock." This paint ro4 
does not melt at as low a temperature as might be expected from its iroB 
content, and, where mining operations make it necessary to remove A 
it may be made use of for brick. Residual clays from mica schist outcroj 
along the Mississippi River in Morrison Count>% and, though they are no* 
as refractory as those from the Archean, they fuse at a relatively higl 
teniperattire. 

The Kc7ccena7i*an from the eastern and northeastern parts of tb< 
State is largely made up of basic igneous rocks with no clays. Soni^ 
flows alternate with sediments, which are not, however, of a qualit] 
suitable for use as clay. At Two Harbors, on the north shore of Lab 
S\!pcrior, lenses only a few feet in length and a few inches thici 
were saiuplcti to determine their character. Along Snake River ]^ 
Mow Tine C^ity a rather large bed of essentially the same material 
oci'urs. rhc day docs not slake or become plastic It remains sandy 
nnd Hoft U\ a tompornturc of 2300® F. 

Srdiiuonts, knowti as the "red clastic series," and probably of the 
Miinio «i»o us the KcwtHMKwvan igneous rocks, are known in the eastern 
aihI niHUhortsirri^ parts of the State and have been provisionally assigned 
III \\\c AlKonkirtn { ?) system. Those underlie sediments of Upper Cam- 
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■Iniaa ag^e in the south, and are known only from well records. They are 
)bably of the same age as the red sandstones and shales outcropping 
Lake Superior southwest to Mora which lie unconformably over 
Huronian and are locally called Hinckley sandstone. Shaley layers 
[lie especially abundant near the base of the formation. An analysis of 
shale from near Fond du Lac is reported in the discussion of Carlton 

CAMBRIAN SYSTEM 

The Cambrian system embraces in order of age (the oldest being 
jSi^), shales and white sandstones, underlying the Dresbach sandstone, 
the Franconia sandstone, the St. Lawrence formation, and the Jordan 
sandstone. 

The lower formations, including the Dresbach and Franconia sand- 
stones, are made up of 450 feet or more of fine-grained white sand with 
shaley beds and sandy shales and thin layers of limestone towards the 
hase. The best exposures are to be seen along the St. Croix River north 
of Stillwater and at Dresbach on the Mississippi River just north of the 
Iowa line. Siliceous shales of variable character occur at these places, 
bat are not likely to be of importance as clays. 

5"/. Lawrence formation, — ^This consists of buflF-colored dolomite in- 
terbedded with shale and sandstone. The shale is greenish in color and 
towards the top of the series there are several thin layers of green sand. 
The total thickness of the formation is about 225 feet. The best out- 
crops are found along the Mississippi and Root rivers, north of the 
Iowa line, although the St. Lawrence underlies practically all of south- 
eastern Minnesota extending as far north as northern Washington Coun- 
ty and westward to a point beyond Mankato, where it outcrops in the 
Minnesota River Valley. The shales are too thin to be important as 
brick material. They are so sandy that there is very little shrinkage up 
to the point of viscosity. 

Jordan sandstone, — The Jordan sandstone consists of white to brown 
sandstone and has no clay. The thickness ranges from about 75 to 20(3 
feet. It is confined chiefly to the southeast corner of the State, and it 
is well exposed in the Minnesota River Valley north of Mankato and 
in the bluffs along the Mississippi from Hastings to the Iowa line. 

ORDOVICIAN SYSTEM 

The Ordovician system in Minnesota is composed of the following 
members, the oldest being placed last : 

6. Maquoketa shale 
5. Galena limestone 
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4. Decorah shale 
3. Platteville limestone 
2. St. Peter sandstone 

1. Prairie du Chien group (Shakopee dolomite and Oneota dolo- 
mite) 

All of the Ordovician rocks are confined to the central and southern 
part of the State, where they rest conformably upon the Cambrian. 
Their attitude is almost horizontal, although they have a slight dip in 
general to the southeast. 

Prairie du Chien group. — The Oneota dolomite is a buff to reddish 
dolomite which outcrops in numerous localities along the valleys and 
river bluffs in southern Minnesota. The texture of the rock varies from 
granular to crystalline, the latter variety being more typical. The thick- 
ness ranges from 75 to 200 feet. No clay is associated with the forma- 
tion. 

The Shakopee dolomite contains no clays, but consists of a maximum 
of 75 feet of yellow, buff, or red magnesian limestone which differs 
from the Oneota in texture and color and includes some sandy beds. It 
is finer grained and more granular. The Shakopee outcrops along the 
Mississippi and Minnesota river bluffs and in much of south central Min- 
nesota forms the surface upon which the drift has been deposited. 

The St. Peter sandstone consists in the main of a fine-grained, loosely 
consolidated white sandstone which often presents a yellow surface where 
it has been exposed to weathering. In thickness it ranges from 80 to 200 
feet, the average being somewhat over 100 feet. In most parts of south- 
ern Minnesota the St. Peter is covered either by late Ordovician sedi- 
ments or by the drift, or by both, but it outcrops along the Mississippi 
and its tributaries from Minneapolis south. 

There is a 4-foot bed of shale above the sandstone of the St. Peter 
and below the main Platteville limestone, but it is too thin to be of 
value. 

The Platteville limestone has an average thickness of 12 or 15 feet, 
although a maximum of 30 feet has been observed. The rock is a mag- 
nesian limestone, varying in texture from granular to thoroughly crystal- 
line, and in color from buff to blue-gray. It outcrops over large areas in 
southern Minnesota from the Twin Cities southeast. It contains no clay 
of value. 

The Decorah shale, — Lying on top of the Platteville limestone is a 
series of green shales with a maximum thickness of nearly 100 feet, 
though the average thickness is much less, probably 50 feet. Inter- 
bedded with these shales are numerous layers of hard granular lime- 
stone, some of which are composed almost entirely of fossils. In some 
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ported in Table VI, in the discussion of Dakota County. Tests made 
by the Engineering Department of the University of Minnesota show 
that bricks made from the Decorah shale are of excellent quality. Soft 
red brick, not burned to vitrification, have a strength of 1,500 pounds per 
square inch ; partly vitrified bricks with a rather high porosity still evident, 
have a strength of over 3,100 pounds per square inch. 







The Galena limestone overlies the Decorah, or in part grades into it 
It consists of granular or massive limestone and caps the hills in the 
southeastern part of the State. Exposures are few on account of the 
loess and drift covering. In typical outcrops there are only a few thin 
shale beds of no value. A sample was taken southwest of the town of 
Chatfield, Fillmore County. The layers are but a few inches thick and 
could hardly be obtained free from limestone. Fragments of the dry 
shale slake in three minutes to a mass of small lumps. Its plasticity is 
fairly high. It requires 22 per cent of water for molding. Its air shrink- 
age is 5 per cent. At low temperatures the burning resulted in a salmon- 
colored product without any fire shrinkage, and with an absorption of 
about 28 per cent. It becomes buff and hard at cone 4 (2210** F.) and 
turns gray at cone 6 (2282° F.), but is still undeformed at even higher 
temperatures, though wholly melted at cone 12. 

The Maquoketa shale is in Minnesota an alteration of dolomitic 
shale and limestone with shales too thin to be of value. Outcrops arc 
known only in Fillmore County where the formation has a maximum 
thickness of 80 feet. The dry clay slakes in 10 minutes. Its plasticity is 
fairly high and it requires only 15 per cent of water for molding. Its 
tensile strength is about 100 pounds per square inch and its air shrinkage 
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below the drift, and numerous scattered areas occur throug^Kmt the 

southern, central, and northern portions. Outcrops a 

of the drift cover, but numerous well records have h 

the general distribution. The maximum thickness 

in this State. The upper portion is composed chi 

or gray shales and clay, while deeper down white 

olins are encountered. In the northern part of Minnes 

occurrences of Cretaceous conglomerate at the base c 

ing beds of iron ore. The pebbles in the conglomerat 

hard hematite. In the western part of the State th 

upon the decomposed Archean granites and gneisses. 

the shale is white clay with conglomeritic or concreti 

contains quartz pebbles. In a few places where the Cr< 

tact with Paleozoic sediments the conglomerate is not 

clays are similar to those just mentioned. The variati 

erate with the bed rock is an indication that the vi 

transported only a short distance. 



The Cretaceous beds contain the highest grade clays to be foun<^ 
within the State. Some of them are used for stoneware, pottery, sewei 
pipe, and fire brick. At present there are but few areas of Cretaceous 
clay-s known where a good body of material lies close enough to the 
surface to be profitably excavated, but it is very probable that mor< 
detailed prospecting in the drift in the vicinity of Cretaceous areas would 
result in the discovery of new deposits of valuable clay. For con- 
venience in discussion of the day deposits the basal part of the formation 
where pebbly or concretionary will be treated separately, and it will be 
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necessary to refer often to the Archean residual clays which cannot 
everywhere be sharply distinguished. The higher formations have the 
coDintoii characteristics of marine or lacustrine sediments. 

The basal Cretaceous clays. — These are most prominently exposed 
along the Minnesota River in the bluffs on both sides of the valley from 
Granite Falls to New Ulm and probably extend to Mankato. (See Figs. 
5 and 6.) Under the drift white days of apparently similar character are 
found through several counties on either side of this strip along the river. 
The great extent under the drift is further confirmed, and the certainty 
that these deposits are not entirely Archean residuals is shown by occur- 
rences near Richmond in Steams County, and near Bowlus in. Morrison 
County. There is a general variation in the character of these basal Cre- 
taceoos clays as traced througfi these outcrops and farther north. Where 



FIGintE 6. SECTION NEAR THE RAILROAD BRIDCE, MANKATO. 

a. SHAKOPEE DOLOMITE. 6, WEATHERED LIMESTONE. 

C. CRETACEOUS CLAY. d. DRIFT. 

Archean or other bed rock formations are feldspathic in character, the 
basal conglomerate consists largely of clay. On the iron ranges, immedi- 
ately overlying the Huronian iron ore deposits the Cretaceous tasal con- 
glomerate is good iron ore. At Bowlus the basal Cretaceous has the 
appearance of an iron-stained clay and analysis has shown it to be high 
in iron. This gradation in widely separated outcrops may be taken as 
some slight indication of the continuity and contemporaneous formation 
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of the varkms materials. The days which outcrop in the Minnesota Val* 
ley, however, are peculiar in their texture and contain numerous beds or 
layers, vaQdng from one foot to many feet in thickness, which appear to be 
concretionary and have the appearance of bauxite. The rounded spots 
show very little concentric structure, are at some places more highly col- 
ored than the matrix, and at others less highly colored. (See Plate 111, 
A.) In a few very instructive outcrops these rounded spots, which ap- 
pear to have the same composition as the matrix, were associated 
with rounded pebbles which proved to be quartz. It is therefore con- 
cluded that not all of them are concretionary in their origin. It is pcs^ 
sible that part of them are concretionary and part are water-worn frag- 
ments. PossiMy the original pebbles were quartz and feldspar, the latter 
having been subsequently altered, as the bed rock below has been altered. 
Analyses of several samples with intent to show the content of bauxite 
resulted negatively. In the sample from Bowlus (see Morris<m County) 
there was certainlv too much alumina for the mineral kaolinite, so that 
there is some probability that concretionary' bauxite originated during 
or after the formation of the basal Cretaceous conglomerates. The 
later Cretaceous shales overlie these beds with a very abrupt change in 
lithologic character. 

Summarizing the properties of the basal Cretaceous clays, we may say 
that they are usually highly ref ractor>', fine-grained, and rather siliceous, 
and sometimes heavily stained with iron. Their plasticity is medium and 
their tensile strength is rather low. The shrinkage both in drying and 
burning is very small. They bum hard at temperatures ranging from 
cone 06 to cone 35. It seems very likely that the whiter samples could 
be washed to produce a kaolin fit for china ware. Analyses are reported 
in the discussions of Morrison and Redwood counties. (See Figs. 8 
and 9.) 

The Upper Cretaceous shales. — These shales are supposed to underlie 
much of the western part of the State, but are heavily covered with 
drift over most of the area. The eastern border cannot be accuratelv 
mapped on account of the drift cover. Beyond it there are many out- 
liers and patches which have been transported by ice.^ (See Plate III, 
B.) Some of the most valuable deposits in the State are of this age. 
In places the shales are interbedded with sandstone and, less often, 
with limestone. Nearly all of the shales are gray in color, but some 
have a greenish tint. They are exceedingly plastic with a peculiar waxy 
feel, owing apparently to the presence of some mica scales in the clay. 
The clay beds overlie the basal conglomerate with an abrupt change in 

iSardeson, F. W., So-called Cretaceous of southeastern Minnesota. Jour. Geol. 
'^OL «. p. 879. 
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color. Many of them are contaminated with organic matter, and many 
are somewhat ferruginous. The thickness of any occurrence of this 
sye depends largely upon the amount of subsequent erosion which has 
ooctnred. Outcrops ranging from 1 to 50 feet in vertical banks have been 
seen.. Well records reveal a much greater thickness under the drift. 
A peculiar occurrence is shown in Figs. 5 and 6. In the southern and 
southeastern parts of the State they are known to be semi-refractory, but 
ftc western and perhaps the northern deposits are more uniformly ferru- 
ginous and not of so great value. Nearly all of the Cretaceous shales 
have a g^d range of vitrification and can be burned hard without 
danger of fusion. 




Cone No OfO 



Tempercfture in Cones 



nCUXB 8. CUKVES SHOWING THE LIMITS OF POROSITY OF FIRE CLAYS AT VARIOUS 

TEMPERATURES. 

Summarizing the properties of the Cretaceous shales, we may give 
the following averages. The water required for molding is 27 per cent. 
The air shrinkage is less than 7 per cent. The plasticity is satisfactory 
and the tensile strength is high enough for the production of any of the 
complex forms constructed in the most elaborate of the factories in this 
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State. Upon burning, many of the clays become dense and hard b 
2000" F. The shrinkage on burning to thorough vitrification is 
about 4 per cent. The absorption is rarely as high as 10 per cent j 
the clay becomes hard. Several of the clays, though burning very di 
give indications of withstanding high temperatures without losing i 
strength. See Figs. 8 and 9 for the behavior during vitrification. 



Cone No 012 010 C 



> FRE-PLEISTC 



The plants making use of these shales are mentioned in the re] 
on Goodhue and Brown counties. In Plate I, the locations of some pi 
are shown. The quality of the material used at Red Wing is know 
the reputation of the stoneware and sewer pipe. They are both e: 
lent. Bricks are made from Cretaceous shale both by soft-mud and ; 
mud methods. Soft-mud solid red brick show a strength of 3.600 pO' 
per square inch. Stiff-mud hollow brick, made light in weight for ; 
ping, show compressive strengths from 900 to 1,600 pounds per sq 
inch, depending on how well they are vitrified. The modulus of ruf 
is from 500 to 1,500 pounds per square inch. 
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The following analyses of the shales are available: 



Table IL Analyses of Cretaceous Bhales 



I 



2 



I 3 I 



I 5 



sake, 

Alumina 

FuTic oxide .. 
Ferrous oxide . 

lime 

>f>p t f f *% 

Sodium ) 

Barium oxide .. 
Mtnguiese oxide 

nioiphorus 

Sulphur 

Tltinlum 

Moisture 

Ignition 



69.84 i 
23.07 
0.48 



0.11 
0.14 

1 trace 



6.36 



61.32 


i 68.298 


1 69.050 


58.14 


12.27 


18.266 


18.830 


19.40 


8.62 


2.867 


2.607 


6.58 


4.18 








.99 


.719 


.296 


0.79 


1.76 


.802 


.628 


1.62 


.42 


.81 


1.066 


.64 


8.59 


.60 


1.461 


8.09 


.05 








.27 








.27 








.19 








.66 


********* 




.68 




1.29 


.898 


2.10 


10.78 


6.155 


4.912 


8.81 



I 99.99 I 100.82 | 99.908 | 99.74 | 99.69 



1. Red Wing, Ooodbue County. Analyses reported by J. H. Rich to H. Ries. 

I New Ulm. Biick clay, IT. 8. Oeol. Survey BulL No. 60, p. 161. T. M. Chatard. 
A brick made from this clay is reddish brown, strongly sintered, somewhat frac- 
tured. Hon. John Lind took the sample in south bank of Cottonwood River on 
section line ivhera river crosses, east of wagon road crossing, south of New Ulm. 

I Red Wing clay. C. P. Berkey, analyst Sample tram Minnesota Stoneware Co., 
Red Wing, April 22, 1902. 

i Red Wing stoneware clay, air dried. C. P. Berkey, analyst. 

I Dakota sample. Clay sampled by A. Parker, Brown Valley, Just beyond the state 
line. F. F. Grout, analyst. 



Table III. Analyses of Cretaceous Shales 





6 


7 


8 


9 


1 10 


11 


SUlct 


59.72 
80.00 

*"b'.82** 
1 0.51 


70.10 
16.99 
trace 


87.70 
7.24 

trace 
0.67 
0.07 
8.17 
0.49 


93.65 
2.15 
0.25 
0.20 
0.12 
trace 

trace 


73.34 

14.75 

5.45 

0.28 

0.05 

trace 

trace 


68.70 


Alumina 


18.04 


Iron oxides 1 

Urns . ,.T--T--.. 


1.53 
1.24 


Ms^nesia 

Soda 1 




0.56 


..'....'.'..| 


0.24 


mrv^m^ ....*«........•■«.. •.•••.......| 

POtSllh r T 




10.69 


5.28 


Pbonhorus oxide 




0.09 


Snlnhur triAYiHa -.---... 




0.23 










Titania 












Moisture 


10.34 


1.98 


trace 
trace 


2.25 


4.71 




Ignition 


1.40 


Organic matter 


trace 


1 


101.39 


1 99.99 


99.34 


98.62 


1 





%. Ottawa, Ottawa Brick Co. H. Ries. 
', 8, 9, 10, and 11, from Final Rep. Geol. & Nat. Hist. Survey, Vol. 1, p. 438. 

7. Near Mankato,' clay filling hollows in Shakopee dolomite. 

8. Near Mankato, Sec 20, from •'white clayey bed of considerable extent." 

9. N^ar Mankato, Sec 36. "Nearly white, very fine grained, somewhat friable earth." 

10. Same locality, red ochery clay. 

11. Near Mankato, clay or shale between Shakopee dolomite and Jordan sandstone 
in L'Hollier Mound. 



TERTIARY SYSTEM 



Rocks of Tertiary age have not been identified with certainty in Min- 
nesota, but there arc probably thin stream deposits of this age at various 
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places in the State. These Tertiary stream deposits cannot be diflEercn- 
tiated from the more recent surficial deposits and most of them have 
been worked over by more recent streams, or by the ice, and mixed witb 
the material of the drift. 

QUATERNARY SYSTEM 

Pleistocene deposits 

Following the outline of Pleistocene history, as given above by Pro- 
fessor Leverett, we may divide the deposits into the following groups: 
(1) Nebraskan drift (no clay); (2) Aftonian (only thin clays); (3) 
Kansan and Wisconsin drift from the northwest — the gray drift; (4) 
Wisconsin drift from the north and northeast — ^the red drift; (5) lake 
clays of laminated structure, — first, those of gray color, or yellow if 
weathered, and, later, those of red color ; (6) the loess. These divisions 
are based on differences in character, though one division, such as the 
gray drift, may include material of two or three separate invasions. 
Furthermore, the red drift from the north is of somewhat different ma- 
terial than that from the northeast, but the associated clays are so mudv 
alike that no distinction is made. 

AFTONIAN SOIL 

Following one of the early drift invasions, vegetation apparcntl>i^ 
spread over the southern part of Minnesota, and a soil was formed whicfc^ 
subsequently was buried under the recent deposits of dray drift. Th^ 
soil as now found is dark gray in color, and varies from 1 to 4 fee^ 
thick. It can easily be traced for perhaps 20 rods along the Rock Islan<^ 
Railroad within 2 miles southeast of Faribault. Two analyses, made in- 
1906 by F. F. Grout for Professor Leverett, of the United States GJeologi— 
cal Survey, are available. 

Silica * 65.10 55.10 

Alumina 10.42 10.60 

Iron oxides 4.74 4.47 

Magnesia 2.06 2.06 

Lime 4.52 7.26 

Moisture 1.05 1.58 • 

Ignition 8.10 15.32 

Titanium oxide 0.82 0.60 

Alkalies, etc., by difference 3.19 3.01 

THE GRAY DRIFT CLAYS 

Glacial drift with a high proportion of clay and generally, but not 
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always, a gray color and a superficial alteration to yellow, covers over 
half of the State, having come in from the northwest with lobes which 
reached in a few places completely across to the eastern border of the 
State, Reference to the map, Plate I, will show its general distribution. 
Though the gray drift may be the product of more than one invasion, the 
clays were derived from the same regions and are of the same type. The 
older Kansan and pre-Kansan drifts may be more weathered and leached, 
bat no distinction is made in this discussion. The clays are characterized 
throughout by the occurrence of limestone pebbles, which render them un- 
fit for the production of clay products, unless some process is applied for 
their removal. This has been done successfully in Minnesota at Hutchin- 
son, where a unique process has developed for washing the gravel out. 
This is fully described under Technology. Besides the washing process, 
there is a screening process, and a fine grinding process, either of which 
may in some cases render gray drift available for making brick. 

The drift is usually a surface formation and has no overburden except 
a few inches of soil. Loess may have accumulated over much of it, but 
has either been washed away, or mixed with slope wash so as to be 
pebbly and much like the original drift in nature. 

In summarizing the properties of the clay found in the gray drift, we 
may report the following averages. Twenty-three per cent of water is re- 
quired for molding. The tensile strength is nearly 100 pounds per square 
indi, and tfie material can be rapidly dried without serious injury. The air 
shrinkage is 5 per cent. The fire shrinkage is only 2 per cent at the time 
the clay becomes hard, and about 5 per cent just before it becomes vis- 
cous. The absorption meanwhile ranges from about 19 per cent down to 6 
per cent. The average clay becomes hard at cone 02 (2030° F.), and vis- 
cous a little above cone 3 (2180® F.). The range of vitrification is there- 
fore less than 200® and it is usually unsafe to burn the clays very hard. 
See also Figs. 10_and 11. The stiff-mud process is usually successful. 
By cleansing the clay of its limestone, the properties can be greatly im- 
proved, and the washing or "slumming" process used at Hutchinson and 
the dry cleansing process used at Jackson are recommended for careful 
investigation by all who plan to organize any ceramic industry making 
use of the gray drift. Exceptional locations may be found where a sim- 
ple grinding process will be satisfactory, but the washing process is much 
more certain and applies to a much wider range of material. Analyses of 
washed material are reported in the discussion of McLeod County. As 
the northern part of the State becomes more settled and as the farmers in 
various parts of the State find it desirable to install systems of tile drain- 
age, the local demands for a good quality of tile such as can be produced 
from this gray drift will increase and be so permanent as to warrant the 
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for brick and fire-proofing. The present investigation shows a much 
wider distribution than has heretofore been reported, and there is every 
itason to expect that still other deposits will be developed. The leached, 
opper yellow clay is much more satisfactory than the lower gray clay. 
Tbe latter cracks badly on drying and the preheating mentioned in 
Qtt^ II is recommended. 



TemperarwPO In Con«». 
neat lo. cubves showing the limits op porosity of brick clavs at 



Summarizing the properties of the gray laminated clays, we have the 
following averages. The clays are rather highly plastic, and require 29 
percent of water for molding. The tensile strength is about 100 pounds 
per square inch, and is not seriously affected by rapid drying. The air 
■hrinkage is nearly 6 per cent, but this average figure is increased by the 
pnsence in the data of some figures for the tmused, underlyii^; 
Uue clays. When burned hard, the fire shrinkage is only a little 
over 2 per cent. The maximum shrinkage observed before the day 
icacbed viscosity will average about 8 per cent. The absorption at the 
temperature at which the clay becomes hard is about 23 per cent, and this 
drops to 10 per cent before the product is in danger of being melted. The 
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average clay bums hard at cone 02 (2030° F.), and beccunes vise 
at cone 3 (2174° F.). These figures show a rapid fusion, and the < 
should not be used in attempts to make vitrified products. (See F 
10 and 11.) It is suitable for common brick and hollow ware, i 
for fire-proofing of excellent quality, and the product will usually 
cream-colored. The quality of the products is mentioned in the cou 
descriptions of Anoka, Carlton, Carver, and Millelacs counties. 



) BECENT CLAY 



The general distribution of the red drift is along the eastern bo 
of the State (see Plate I), from Dakota County on the south to I 
County at the north. It is most prominent in the counties which touch 
border, and, where found west of these counties, it is frequently ovei 
by a thin layer of gray drift. (See Plate V, A.) However, a lobe of 
red drift without such a covering of gray drift extends over to the I 
sissippi River in Morrison County. 

Summarizing the properties of the red drift, we find its plasticity 
quite as great as that of the gray drift, but still perfectly sattsfact 
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laminated red clays of appearance and character similar to those found 
in eastern Minnesota. Another use that should be made of these days 
is as a slip or glaze for semi-refractory stoneware. The red clay of the 
western end of Lake Superior was utilized for a short time in the town 
of Superior, Wisconsin, though it would seem from the bricks now to be 
seen in the old buildings in Superior that the clay was not burned at a 
sufiiciently high temperature. For an analysis, see the report on Cook 
County. H. Ries^ gives the following analysis of this type of red clay 
which appears to extend into Minnesota without change of character. 

Silica 54.36 

Alumina 13.40 

Iron oxide 7.97 

Lime 3.50 

Magnesia 1.23 

Potash 2.16 

Soda 1.53 

Titanic acid 07 

Loss on ignition 16.17 



100.39 



The following analyses, most of them of Minnesota material, give 
evidence of the general character of the laminated clays. 



Table IV, '^Tripoli** 



1 


1 


2 1 3 


4 


5 


1 6 1 7 


silica 

Alumina 


77.7 

3.4 

3.5 

8.2 

7.2 


77.00 82.50 
1.50 7.50 
7.00 


70.00 
9.00 


77.00 
8.50 
1 


77.00 77.60 
9.00 9.00 
1 


Iron oxides 


Lime (with trace of Mfs.)^ 
Water, etc 


12.00 7.75 
2.50 2.26 


10.75 
2.76 


12.00 
2.60 


11.50 '■ "l0!75 
2.60 2.75 




1 


100.00 


1 100.00 1 loo.oa 


1 100.00 


1 100.00 


1 100.00 1 100.00 



iJn analyses 2-7 Inclusive, lime and magnesia (trace) were determined by differ- 
ence. All are quoted from Wlnchell, N. H., Final Rep. Geol. and Nat. Hist. Survey. 
Vol. 2, p. 394 et seq. 



1. 
2. 
8. 
4. 

6. 
6. 
7. 



Tripoli, 
Tripoli, 
Tripoli, 
Tripoli, 
Tripoli, 
Tripoli. 
Tripoli. 



Stillwater. 
Stillwater. 
Stillwater. 
Stillwater. 
Stillwater. 
Stillwater. 
Stillwater. 



J. R, Eckfeldt analyst. U. S. Mint. Phlla. 
Upper stratum of lower bed. 
Small shaft at lower bed. 
Dark seam through lower bed. 
From middle of 20-foot exposure. 
From water-line of 20-foot exposure. 
From upper exposure on the creek. 



iRles, Helnrich, The clays of Wisconsin : Wisconsin Survey, Bull. No. 16, p. 168. 
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Tahle y. Red lamimaied olapt 



I 



smca .... 
Alumina . 
Iron oxide 
Tttaninm . 
Magnesia . 
LtaM ....< 



Sodi 

Potub 

Lois on Ignitioii 
Moisture 



I 



67.79 
12.68 
8.88 
0.82 
4.11 
8.83 
1.76 
2.71 
2.60 
6.10 



I 100.62 I 



68.62 

14.98 

7.92 



8.39 
6.26 



7.92 



97.96 



8 



64.76 

16.46 

4.86 



4.08 
4.22 



6.96 



99717 



1. Pine County. Red laminated clay. F. F. Orout. analyst. 

!. Grantsburs, l^ls. Laminated clay. Mixture of layers, worked. 

live. BerlLey, C. P., Jour. Geology, Vol. 18. p. 88. 
I GrantBburs. 'Wis. From uppermost layers. Do. 



Fairly representa- 



LOESS 



The loess is usually considered a wind-blown deposit, formed chiefly 
from glacial material after the ice had receded and before vegetation re- 
gained a foothold. In this State the most important deposits occur in the 
southeastern counties in the so-called "driftless area," as shown on Plate I. 
Over the uplands the loess varies from 2 to 4 feet in thickness, but 
in the valleys and especially on the terraces along the sides of the valleys 
a much greater thickness occurs. Its origin appears to be similar to that 
of sand dunes, but the loess is the material which, being finer grained, is 
carried farther than the sand. At a great many of the smaller brick 
plants in the State, the main deposit of clay is overlaid with loess clay 
and the two have been washed down the slopes together. Where the 
two are exposed together, they may be mixed for the manufacture of 
brick. 

Summarizing the properties of the loess clay, we may say that they 
are quite uniformly as follows. The plasticity is only medium, and the 
water required for molding is 24 per cent. The tensile strength is not 
very high. The air shrinkage is 4 per cent. The fire shrinkage during 
vitrification increases from 2 to 7 per cent, while the absorption decreases 
from 21 to 6 per cent. The range of vitrification is about 200° F., from 
cone 02 to cone 4. An analysis is reported in the discussion of Steele 
County. 

Tests were made on loess clay bricks by the Engineering Department 
of the University. The strengths were not uniform and apparently were 
greater in wet bricks than in dry ones. The minimum strength is 1,300 
and the maximum 3,800 pounds per square inch. The average absorp- 
tion is 15.6 per cent and the modulus of rupture is 582 pounds per square 
inch. 
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CXAYS OP THE RED RIVER VALLEY 

The retreat of glacial ice towards the north probably occupied thou- 
sands of years, and when the ice had vacated large natural depressions 
like the Lake Superior basin and the valley of the Red River of the 
North, the ice dams across the northern sides of the basin caused the ac- 
cumulation of immense lakes. The one which occupied the valley of the 
Red River is known as Lake Agassiz, and can be studied by its beach 
ridges and to some extent by the delta deposits formed by the incoming 
streams. But the deposits of Lake Agassiz do not seem to be as largely 
made up of clay as those formed in the Lake Superior basin. The drift 
on each side of Lake Agassiz has a moderately rolling surface. Within 
the area covered by the lake, the contour is much smoother and more even, 
but the drift shows only slight traces of stratification. Nearer the shore 
lines the wave action piled up beach ridges of sand and gravel, at the same 
time washing away the finer grained material to be deposited as clay 
farther from shore. But these clay sediments were evidently of small 
amount, and are hardly noticeable over most of the area. Very thick 
beds of stratified clay, however, occur in the central portion of the Red 
River Valley, and their position shows that they were not deposited by 
the waters of the lake, which must have spread much more widely over 
its entire area. At the present time much of the area of the stratified 
clay is covered by the higher flood of the Red River, and probably no 
portion of these stratified clays is more than 10 feet above the high wa- 
ter line of the Red River or its tributaries. Since the river may have 
been much larger about the close of the glacial epoch, it seems clear 
that the clays were deposited as alluvium, in part of glacial time, and in 
part recent. They are therefore given a separate heading, and they are 
prominent enough to deserve separate discussion. Their depth and the 
width they cover increase northward. At McCauleyville, the deposit is 
about 2 miles wide and about 50 feet in depth, while at Moorhead and 
Fargo the width is many miles and the depth is 100 feet. In general, 
the clay is rather sandy and contains considerable carbonaceous ma- 
terial. It is colored yellow by oxidation near the surface, and is highly 
calcareous, containing both finely disseminated lime and medium-sized 
pebbles and concretions. Throughout most of the valley the clays are 
leached to depths of from 1 to 10 feet. Over the clay is a thin layer of 
black loam. Only the yellow subsoil has been employed as yet for the 
manufacture of brick. This leached portion usually is quite free from 
the limestone pebbles and is less plastic and dries more safely than the 
lower portion. On account of the tendency to crack in drying, the lower 
clay is spoken of as a joint clay, and is very little used. Very little work 
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has been done on the joint clay, though it forms much the largest portion 
of the whole mass. The work on preheating, referred to in Chapter II, 
may be suggested as a method by which this defect can be corrected with 
commercial success. Across the line in North Dakota, where the mate- 
rial is of exactly the same quality as in Minnesota, a sample of the joint 
clay was taken and tested by the North Dakota Geological Survey, as 
shown by their Fourth Biennial Report. 

It contains more clay substance than the yellow clay, although considerable fine 
nod la stUl present. It takes 29.6 per cent of tempering water for the best plasticity, 
which is Kood. The tensile strength is 265 pounds, and the air shrinkage is 5.3 per 
cent. In burning its behavior was as follows: 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption. 


010 
05 
03 
01 


Orange Pink 

Pink 

Pink 

Green 


0.0 

0.3 

0.0 
(failed by 
cracking) 


30.3 
80.9 
30.3 
10.1 



Incipient fusion occurred at cone 02, vitrification at cone 1, and viscosity at cone 
2. The bricklets were all strong. This clay alone would probably be valueless, but 
because of its good plasticity and high binding power, it could be mixed with a sand 
or a sandy day and worked by the stiff-mud process for the manufacture of common 
brick. Several tests have been made for the use of this clay as a paving material. 
In some cases, with a correct mixture, fair results are obtained. 

Summarizing the properties of these clays attributed to the action of 
Lake Agassiz and the Red River, we have the following averages. Thirty 
per cent of water is required for molding. Tensile strength is 100 
pounds per square inch, but somewhat reduced by rapid drying. Air 
shrinkage is over 6 per cent, and the fire shrinkage increases from 3 to 7 
per cent during vitrification. The absorption, meanwhile, decreases from 
24 to 10 per cent. Vitrification begins at cone 01 (2066° F.), and vis- 
cosity is reached^at cone 4 (2210° F.). Analyses are reported in the dis- 
cussion of Polk County. 

Strength tests have been conducted on brick from these Lake Agassiz 
deposits by E. Brydone-Jack, of Winnipeg, with an average strength of 
2,860 pounds per square inch, a minimum of 2,365 pounds per square 
inch, and a maximum of 3,760 pounds per square inch on five brick tested. 
Five hollow brick gave an average of 706 pounds per square inch. Sur- 
faces of the brick were planed off and pressed between blotting paper. 
Bricks manufactured from the Red River silts were tested in the En- 
gineering Laboratory of the University with the following results: 
Crushing strength was 1,300 pounds per square inch. The absorption 
was ii.3 per cent and the modulus of rupture 364 pounds per square 
inch. 
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Recent deposits 

RIVER CLAYS 

The chief deposits discussed under this heading are those along the 
Minnesota River, but the Mississippi and St. Louis rivers have also con- 
siderable deposits of this type, and many of the smaller streams con- 
tribute smaller amounts. The deposits along the Red River of the North 
are discussed under a separate heading. 

Summarizing the properties of the alluvial clays in Minnesota, wc 
have the following averages. The plasticity is usually rather low, and the 
clays are nearly always sandy. In the average case, 25 per cent of water 
is required for molding, and the tensile strength is about 100 pounds per 
square inch, even when the clay is rapidly dried. The air shrinkage wiD 
average 5 per cent and the fire shrinkage from 2 to 8 per cent during 
vitrification. The absorption of the brick is about 19 per cent when it 
first becomes very hard, which occurs about cone 02 (2030° F.). Vis- 
cosity is reached at cone 4 (2210° F.). An analysis is reported in the 
discussion of Goodhue County. A fairly representative sample of bricks 
made from alluvial clays of the Minnesota River were tested at the 
Engineering Laboratory of the University. The crushing strength is 
over 1,300 pounds per square inch, even when the bricks are wet. The 
absorption is 20.8 per cent. Tests of similar material by the City Build- 
ing Inspector of Minneapolis gave the following figures : Wire-cut com- 
mon brick, 1,497 pounds per square inch; sand-mold common brick, 1,560 
pounds per square inch ; wire-cut hard burned brick, 6,010 pounds per 
square inch. 

LAKE AND SWAMP CLAYS 

For the most part the recent lake clays are not expected to be of very 
different quality from the clays of glacial lakes of glacial time. The sur- 
face of the surrounding country- still consists of the same red and gray 
drift, which furnished the sediments just after glacial time. Some slight 
differences, however, may appear, since during glacial time the melting 
ice furnished immense volumes of water such as are not duplicated by 
the more recent time. Erosion and fillinsr of the lake beds have also had 
a tendency to decrease the size of the bodies of water. 

Summarizing the properties of the recent lake clays, we have the 
following averages. The water required for molding is 26 per cent. 
The tensile strength is a little above 100 pounds per square inch, and is 
only slightly less if the clay is rapidly dried. The shrinkage on drying is 
6 per cent, and the fire shrinkage ranges from 2 to 6 per cent during 
vitrification. The absorption at the beginning of vitrification is 15 per 
cent. Vitrification occurs between cone 04 and cone 2, a range of about 
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200®. (See Figs. 10 and 11.) Sample analyses are found in the discus- 
sion of Freeborn County. The City Building Inspector of Minneapolis 
has made tests on hollow brick and tile made from one of these lake clays 
which bum salmon at low temperature, and cream color if burned steel 
hard The hollow tile gave an average of 230 pounds per square inch of 
crashing strength, while the hollow brick had an average strength of 
about 260 pounds per square inch. A test by the Engineering Depart- 
ment of the University on some brick made with three vertical holes, to 
decrease weight, showed the brick to have a strength of 3,000 pounds per 
square inch. The modulus of rupture was 374 pounds per square inch 
and the absorption w^as 31.4 per cent. 



CHAPTER VI -f 

DISTRIBUTION OF TYPES OF CLAY IN MINNESOTA f 

The types here considered are those distinguished by their physkij^ 
properties. The total production of clay products of all types in Minne- 
sota in 1910 had a value of over $1,900,000. 

REFRACTORY CLAYS 

The Archean residual clays of refractory character outcrop in tfie., 
neighborhood of Redwood Falls, Redwood County, New Ulm, Brown 
County, and at Richmond, Stearns County. Thero is every indicatioa 
that these clays extend under the drift from one of these localities to tiie 
other, and widely to the west to many points where well records show 
white clay. They may reach 50 or 100 feet in thickness. Some begin to 
vitrify below cone 10, but are undeformed to cone 32. . Washing would 
improve the color and raise the melting point of most of them. 

The basal Cretaceous clays seen from Bowlus, in Morrison Coun^, 
to Redwood Falls, Redwood County, are the best refractory clays de- 
veloped. As they outcrop at Richmond, Mankato, and elsewhere, the) 
are quite certainly extensive under the drift. No doubt the well record* 
mentioned in the preceding paragraph refer in part to these clays. The 
greatest thickness recorded is 18 feet at Birch Cooley, near Morton, Ren- 
ville County. The best material is that near Redwood Falls. That far- 
ther north is more ferruginous, but nevertheless refractory. 

The higher Cretaceous clays at several points in Brown County, and 
from there to Ottawa in Le Sueur County, are also highly refractory. 
An attempt was once made to use the clay at the latter place, but the 
plant is now idle. Conditions seem favorable for its success. Along the 
Cottonwood River in Brown County, notably in Sec. 36, T. 110 N.^ 
R. 31 W., the clay is of especially high quality. Much of the country 
between and around these places may be worth more careful prospecting 
than it has received. 

SEMI-REFRACTORY CLAYS 
VITRIFYING CLAYS 

Cretaceous shales are the only ones in this class, and those mined 
for the stoneware and sewer pipe works at Red Wing are the best known. 
Their vitrifying behavior is exceptionally good, but they fuse at such 
low temperatures as to leave them very near the non-refractory class. 
The deposits which are worked at Clay Bank and Belle Chester are 
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The clay becomes too hard to scratch with a knife at cone 02 (2G3(f 
F.), and does not become viscous at cone 5 (2246° F.). These tests show 
an excellent quality of clay with a range of vitrification considerably over 
200°. One sample taken from the eastern end of these lake deposits 
along Rice River showed a rather lower tensile strength and a lower 
temperature of fusion. This clay reached viscosity at cone 01 (2066° F.)- 
It should be safe to bum these clays thoroughly hard and perhaps to 
vitrification. So far only common brick have been made from them, but 
their great extent and accessibility should make them the subject of 
further experiment. The fact that they are gray laminated days, but bum 
to a red color, would indicate either that the upper portion of the deposit 
has been greatly leached of lime, or that the red drift has contributed 
largely to their formation. 

ANOKA COUNTY 

Types of clay, Pleistocene c) Gray lake and river clays 

b) Red drift 
a) Gray drift 

At the lower end of the southern panhandle of the covmty, where 
it adjoins northeast Minneapolis, there is a very extensive deposit of gray 
clays. This extends along both banks of the river well down into the 
city of Minneapolis, but, on account of the value of the property within 
the city limits, there is an increasing tendency to crowd the brick- 
making industries north into Anoka County and outside the city limits in 
North Minneapolis. The detailed description of the clay will, therefore, 
be given here at the beginning of the chapter in connection with Anoka 
County rather than later in the discussion of Hennepin County. 

The bed rock formations along the Mississippi River north of Min- 
neapolis are the St. Peter sandstone and overlying it in the bluff, the 
Platte ville limestone. Over this the hillsides show first the red drift, and 
above that the gray drift. Both the drift and the bed rock have evidently 
been eroded by the glacial Mississippi River, resulting in the formation 
of a wide channel, which, during glacial times and probably continuously 
since then, has been the site of the deposition of these gray laminated 
clays. The relations of the different formations at this point are illus- 
trated in Fig. 7. The entire mass of stratified clay undulates at angles 
of 10 to 20 degrees. The clay is essentially the same from top to bottom, 
having been opened to a depth of over 30 feet at several brick yards. 
The curious internal structure seems to have been caused by eddying 
motions in the water which came down the river periodically. Some of 
the layers are singularly contorted in their finer laminations. (See Plate 
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nCUlE 7. SECTION SHOWING THE OCCURRENCE OP GRAY LAMINATED CLAY IN NORTH 

MINNEAFOUS. 

V, B.) The sandiness of the deposit varies erratically, and most of the 
pits opened are said to be pockety. Although it is stated above that the 
clay is uniform, such uniformity is limited to the larger features, and the 
clay products manufactured are uniform only if the clay is mixed from 
several parts of a reasonably large exposure. When this is done, the prod- 
ucts are excellent. The clay slakes at once and is highly plastic, requiring 
24 per cent of water for molding. Its tensile strength is nearly 200^ 
pounds per square inch and its air shrinkage is about 4 per cent. As 
tested by the U. S. Bureau of Standards, it behaves as follows : It works 
well in the auger machine without lamination. Burned colors are buff to 
greenish at higher temperatures. The porosity is over 30 per cent up to 
cone 05, and fusion occurs suddenly with a decrease in porosity to 1.6 
per cent, at cone 02. It is to be recommended for common brick and fire- 
proofing. 

Work began in 1879, and since then eleven plants have been built 
and have been actively at work. Most of them produce cream-colored 
brick, for which there is a considerable demand in the Twin Cities for 
backing of brick walls and for interior work generally. At most of the 
plants the bricks are not burned very hard, but serve the ordinary pur- 
poses very well. Most of the plants have a capacity of approximately 
40,000 bricks per day, and operate through the whole season until frost. 
Probably nine-tenths of the brick are burned in large scove kilns. To' 
effect economy in labor and fuel the Minneapolis Brick and Tile Com- 
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pany installed a continuous kiln with a gas producer for firing at their 
plant on the west side of the river. Thus far it is not so much more 
economical as to be used in preference to the scove kilns which the same 
company also operates on the east side of the river. The Northwestern 
Fire-proofing Company, which has the most northern plant now operating 
on the east side of the river, have practically abandoned the production of 
common brick and have devoted their energies and their plant to the pro- 
duction of hollow ware, with great success. The proximity of the Minne- 
apolis saw mills has been a factor in their success. They furnish a con- 
venient supply of sawdust for mixing with the clay to render the finished 
product much lighter than it would otherwise be. The company has 
now a stock pile of sawdust and a thoroughly explored bank of clay suffi- 
cient to assure them successful operation for many years. They are fre- 
quently adding to the capacity of the plant by increasing the facilities for 
drying and by so arranging their stock of clay that the machinery can be 
kept running earlier in the spring and later in the fall. Work was begun 
at this plant in 1875, and shows every sign of continued prosperity. The 
Minneapolis Brick and Tile Company also produce hollow ware in thdr 
continuous kilns. The quality of the products made from this clay is in- 
dicated by the following tests. The Minneapolis Building Inspector re- 
ports the average strength of 10 bricks from one plant as 2,968 pounds 
per square inch, with a minimum of 1,600 pounds and a maximum occur- 
ring in a brick from the center of the kiln, of 5,080 potmds per square 
inch. Three other series of tests on bricks from this deposit gave an aver- 
age strength of 1,560 pounds per square inch, with a minimum of 631 and 
a maximum of 2,770 pounds per square inch. A series of 5 bricks from 
one plant gave an average strength of 2,588 pounds per square inch. The 
general average of all the brick tested at this office from the North Min- 
neapolis deposits is over 2,000 pounds per square inch. One test by the 
Minneapolis Building Inspector on a hollow tile about 4 x 8 x 17 inches, 
with 6 one- inch openins^s through it lengthwise, gave a strength of 604 
pounds per square inch. 

The following partial analyses of the clay are available: 

Analyses of Gray Laminated Clays of Minneapolis 





1 


2 


Silica 


50.65 

10.25 
4.00 
0.52 
4.68 

10.65 

1.44 

1 1.96 

1.20 

14.40 


64.17 


Alumina 


16.67 


Iron oxide 


8.06 


Titanium oxide 




MaKTiesia 




Lime 




Soda 




Potash 

Moisture 




Ignition 




1 


99.75 





1. Pit of Minneapolis Brick and Tile Co.; west of the river, F. F. Qrout, analyst. 

2. Pit east of river. Analysis reported by C. P. Berkey. 
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The gray drift is thick over most of the county, and in part of the area 
i silts of the Red River Valley have smoothed the topography by filling 
die depressions of the drift sheet under deposits which increase in 
dmess to the northwest. Both the silts and drift require the removal 
limestone pebbles to yield workable clay. 

At South Bemidji, in a very favorable situation as regards shipping 
ilities, the south shore of a lake which is formed by the expansion of a 
er, contains blue and yellow clay of a common laminated type. It has 
n used at a medium-sized brick yard at South Bemidji for common 
ck. The deposit covers many acres and is exposed to a depth of 20 
t, but is covered more or less deeply with very sandy overburden. At 
; present location, from 4 to 8 feet of sand are being removed. Some 
id is occasionally used in tempering the clay. The brick now visible 
the kilns look as if an attempt had been made to mix the yellow clay, 
lich is the chief body of the clay exposed, with the underlying blue clay, 
le latter appears to have been very plastic and, as it is dug in a moist, 
t solid condition, it did not mix well and a most decided auger structure 
apparent. The brick are badly cracked. Possibly a more thorough 
ig^^g before they are transferred to the auger machine would remedy 
is defect. Otherwise it is recommended that the two kinds of clay be 
«d separately. It should be possible to make excellent products from 
OS deposit. 

North of Bemidji, the shores of Bemidji Lake are composed of a 
Dore recent lake deposit which has been left exposed by a gradual lower- 
Dg of the lake level as its outlet has been eroded. This particular de- 
posit is highly calcareous, and it was investigated to ascertain whether it 
ts suitable for cement. A partial analysis by F. F. Grout is as follows: 

Insoluble, iron and aluminum oxides 65.90 

. Magnesia 5.10 

Lime 12.20 

The lime and magnesia existing in the form of carbonates, make up 
ibout one-third of the material, but are not sufficient to justify its use for 
cement, especially as the magnesia is too large a proportion of the whole. 
The material would probably burn to a cream brick. 

I 

BENTON COUNTY 

Types of clay, 1. Pleistocene b) Gray lake and river clay 

a) Red drift 

Northeast of Sauk Rapids, along Elk River, grayish yellow laminated 
clays outcrop here and there, and these were once used for making brick. 
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The location is unfavorable for a large plant. Other deposits may be 
found along the Elk or Mississippi rivers, but most of the county exh9)its 
only red drift and outwash. 

BIG STONE COUNTY 

In Bigstone Q)unty, the only clays known are in the gray drift. Thesd 
are of the usual type and require cleansing before use. Archean residual 
material is found at 250 feet in a well near Johnson. 

BLUE EARTH COUNTY 

Types of clay, 3. Recent Alluvium and swamp clays 

2. Pleistocene Gray drift 

1. Cretaceous clays 

Five miles south of Mankato, in Sec. 35, the Cretaceous overlies the 
Jordan sandstone and underlies tlie drift along the banks of the Le Sueur 
River. The drift is from 10 to 20 feet thick, the Cretaceous from 30 to 
40 feet thick. The crumpled condition of the Cretaceous deposits and 
the irregularly lenticular form of the clay lenses which occur in them 
indicate the probability that the whole series was distorted by the crowd- 
ing of the glacial ice. Samples were taken from some of thfe smaller clay 
lenses, which are rarely over a foot thick, but were found outcropping for 
several hundred yards along the cliffs. The clay is very fine grained and 
chalky, though stained with iron in a few places. It does not slake when 
dropped into water. It is extremely lean and requires 27 per cent of water 
for molding. Its air shrinkage is about 1 per cent. At about cone 3 
(2174° F.), it becomes so hard that it cannot be scratched with a knife. 
It is highly refractory and will stand a temperature of cone 33 (3254° F.) 
without deformation. It remains nearly white in color, varying from tints 
of buff to creamy brown. About 20 years ago the Pauline Pottery Com- 
pany, of Chicago, tested the clay for the manufacture of fancy pottery. 
Mr. Joseph Kern, of Mankato, who owns the property, has some vases 
which were made in the experiment, which are very beautiful but very 
fragile. The phase which appears concretionary has 47.4 per cent silica, 
and 14.5 per cent water. Other outcrops near Mankato are believed to be 
Cretaceous shales. 

Above the basal Cretaceous clays already described are a great many 
outcrops of alternating shale and sandstone with an occasional ferruginous 
craggy conglomerate. These various occurrences have been described by 
Warren Upham,^ but most of the clay beds are rather thin and their extent 
is not well determined. (See Figs. 5 and 6.) Their character is indicated 

lUpham, Waxren, Minn. Qeol. and Nat Hist. Survey, Vol. 1, pp. 432-9. 
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by a ssunple taken in Le Sueur County discussed below. They are worthy 
of further exploration. Analyses are given in Table III, page 45. 

The gray drift covers most of the county and shows the common 
characters. A sample was taken just southwest of Lake Crystal on the 
Omaha Railroad, where the deposit, of considerable size, is known to be 
30 feet thick. Gravel was not as abundant at this point as in the average 
of the gray drift. After crushing the clay to 40-mesh it was found to 
have the following properties. Its plasticity was low, but required 24 
per cent of water for molding. The tensile strength was over 150 potmds 
per square inch, even when the clay is rapidly dried. The shrinkage was 
4^ per cent Burned at the Minnesota School of Mines Experiment 
Station, it gave the following results : 



Cone No. 1 Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


04 

OS 

02 

1 

2 

4 


Salmon 

Salmon 

Salmon 

Salmon 

Brown 

Brown 


• ••••• 

1 
1 
8 
6 


"20" 
19 
14 
10 



Up to the temperature of cone 03 (2000° F.) the particles of lime remain- 
ing in the burned brick cause its rapid disintegration on exposure to the 
air. The clay became too hard to scratch with a knife at this tempera- 
ture and became viscous at cone 4 (2200® F.). Three plants have been 
started to make use of the drift in this neighborhood. None of them 
is now at work. Success would depend not only on market conditions, 
but on some method of removing limestone pebbles. 

At Garden City and vicinity similar gray drift contains more than the 
usual proportion of limestone pebbles. 

Five miles southwest of Mankato is a deposit on the farms of Mr. 
Joseph Kern and Mr. Frank Pearson, which extends over several acres 
to a depth of several feet. Near the surface the lime pebbles of the drift 
are less abtmdant than in the average of the gray drift. The clay slakes 
in 3 minutes and is highly plastic, requiring 23 per cent of water for 
molding, and showing a shrinkage of 5 per cent on drying. Its tensile 
strength was 100 pounds, but rapid drying affected this quite seriously. 
Burning tests resulted as follows: 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


04 

OS 

01 

1 

2 

6 


Salmon 

Salmon 

Red 

Red 

Red 

Brown 


1.0 
1.6 
2.0 
5.0 
6.0 


15 
14 
13 
10 
4 
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The clay becomes too hard to be scratched with a knife at cone 03 
(1994*^ F.), and reaches viscosity at about cone 3 (2174** R). If the 
economic conditions are found favorable, this day is certainly capable 
of yielding a good grade of brick and tile. This overlies the pit formerly 
worked for Cretaceous clay of refractory grade and about worked out. 

At Mapleton the entire region is covered with the common type of 
gray drift, with the average number of pebbles. 

Near Rappidan, along the Milwaukee Railroad, near a bridge across 
the Le Sueur River, the whole country is covered with the usual type of 
gray drift. The upper part of the drift has been leached and is somewhat 
better clay than the main body. The clay slakes in 2 minutes, is highly 
plastic, requires 22 per cent of water for molding, and shrinks less than 
5 per cent on drying. Its tensile strength is nearly 200 pounds per square 
inch even when rapidly dried. Burning tests resulted as follows : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Percent 
AbsorpUon 


05 

01 

2 

4 


Salmon 
Salmon 
Brown 
Brown 


1 
4 
7 


22 

18 

8 



The clay becomes too hard to be scratched with a knife at cone 06 
(1886° R), and viscous at cone 3 (2174*^ F.). It might be used without 
as extensive a treatment for the removal of the lime pebbles as is under- 
taken at Hutchinson. The market conditions are favorable, though 
throughout the southern part of the State there is competition from the 
plants in Iowa. 

Recent alluvium is found at many points along the Minnesota River 
and some of its tributaries, such as the Le Sueur. Two and a half miles 
west of Mankato, a brick yard is in operation on alluvium of the Min- 
nesota River, of which from 6 to 12 feet is workable and extends along 
the river in a flood plain of very great extent. It is typical, of the material 
between Chaska and New Ulm and even beyond. The clay slakes at 
once and its plasticity is very low. It requires 22 per cent of water for 
molding and shrinks 4 per cent on drying. Its tensile strength is 175 
pounds per square inch, whether it is slowly or rapidly dried. It is rather 
isandy, and some care has to be used to exclude even the coarse gravel 
which occurs in irregular layers. As burned at the Minnesota School of 
Mines Experiment Station it gave the following results: 



Cone No. Color 


Per Cent 
ShiinkaRe 


Per Cent 
Absorption 


05 
02 

1 
3 
5 


Salmon 

Salmon 

Brown 

Brown 

Brown 


0.0 
0.5 
7.0 
8.0 


24 

22 

10 

6 
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The day bums steel hard at cone 02 (2030® F.), and is near viscos- 
ity at cone 5 (2246® F.). The plant is making an excellent quality of 
common red brick by a soft-mud process at the rate of about 4 million per 
season. Another favorable place for the development of this alluvium 
near Mankato is about 40 rods north of the city limits, along the Omaha 
Road, where the river basin extends to a width of 3 or 4 miles. 

Three miles from the station of St. Clair, on the south bank of the 
Lc Sueur River, is a swamp of 40 acres or more, which has been drained 
by a ditch. It exposes a clay about IS feet in thickness, the upper part of 
which is yellow and the lower blue-gray. A few feet of peat overlies the 
clay in part of the swamp. The clay seems to be exceedingly pure. It 
slakes in 6 minutes and is highly plastic, requiring 30 per cent of water 
for molding. Its tensile strength is about 80 pounds per square inch and 
its air shrinkage is 8 per cent. In burning it becomes hard and is salmon- 
oolored at cone 06 (1886® F.). Its absorption at this temperature is 16 
per cent There is enough organic matter present so that, if rapidly 
heated, the bricks would swell and crack and develop black cores, but, if 
slowly heated and thoroughly oxidized, good red brick can be produced, 
and viscosity is not reached below cone 1 (2100® F.). All conditions 
seem to be favorable for the manufacture of brick and tile, except that 
the deposit is located about a mile from the railroad. 

Near Good Thunder in this county about a half mile south of the sta- 
tion, is a deposit in a swamp covering many acres, which had been 
worked up to 1904 for many years. The clay is quite free from limestone 
pebbles, and the brick made from it have stood the test of service for 
nearly 30 years in some of the buildings in the town. An analysis was 
made by F. F. Grout for Dr. J. T. Schlesselman some years ago. 

Surface clay 

SiUca 70.29 

Iron and aluminum oxides 18.71 

Magnesia 1.35 

Lime 2.02 

^ Soda 0.56 

Potash 1.87 

Moisture 2.15 

Ignition 3.60 

This is probably fairly characteristic of the bog deposits throughout 
much of the State. They may contain constituents of the wind-blown 
loess, but are largely made up of the wash from the neighboring hillsides. 
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The humic acids developed in the bog tend locally to leach out the soluble 
lime and iron, but generally enough iron is left so that the clay will bum 
red. 

BROWN COUNTY 

Types of clay, 4. Recent Alluvium 

3. Pleistocene Gray drift 

2. Cretaceous b) Shales 

a) Basal clays 
1. Archean Residual clay 

Mr. Oliver Bowles, who made a study of this county, contributes die 
following data: 

The only working plants in Brown County are at Springfield and New 
Ulm. The plant at Springfield is supplied from an extensive bed of lami- 
nated Cretaceous shale, while the plant at New Ulm employs the exten- 
sive brown and yellow clays deposited along the Minnesota River, some- 
times adding some gray laminated clay from the bluffs near by. The gray 
drift over most of the county contains many pebbles, chiefly of limestone. 
Since clays of much better quality exist in this county, the plants which 
used it are abandoned and no further development of the gray drift is to 
be reconunended. 

In Sec. 36, T. 110 N., R. 31 W., along the banks of the Cottonwood 
River, near water level, is an exposure of about 10 feet of a white clay 
which extends several feet below the bed of the river, but its extent 
has not been fully determined. Outcrops were seen for a distance of o^^ 
half mile along the banks. A large part of the clay is very gritty with 
coarse angular quartz. The mixture of this quartz with the clay gives 
the appearance of a granitoid texture and indicates that this is residual 
or colluvial. Some parts of the outcrop show very little of this quartz, 
and some are highly colored in variegated tints, but by far the largest 
part of the formation is clear white in color. This was recently de- 
scribed by F. W. Sardeson.^ At the best outcrop the following section 
was recorded. 

Gray drift 40 feet 

Cretaceous clay and sand, disturbed.. 8 feet 

Cretaceous white gritty clay 12 feet 

Archean rotted granite 4 feet to water level 

iSardeson. F. W., The Redstone Quartzite : Bui. Geol. Soc. Am., Vol. 19, p. 223. 
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The clay slailces in 3 minutes, is highly plastic, and requires only 
19 per cent of iTirater for molding. Its tensile strength is not much 
over 70 pounds i>er square inch. Its air shrinkage is 5 per cent. As 
burned by the Minnesota School of Mines Experiment Station it gives 
the foDowing results : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


OS 
1 
4 
6 

13 


Light red 

Red 

Red 

Red 

Light brown 


1 

1 
2 


15 
15 
13 



The day becomes too hard to be scratched with a knife at cone 
06 (1886® F.) , and, while thoroughly vitrified, it is still undeformed 
at cone 13 (2534** F.). This sample, representing as nearly as could 
be judged the average of the formation, contained about 50 per cent 
of sand too coarse to pass a 60-mesh sieve. Over 30 per cent was 
fine enough to pass the 200-mesh sieve. If this is at all suitable for 
the production of high-grade chinaware, it should be possible to make 
a commercial success of a washing process to remove the quartz and 
some of the coloring matter. 

In Sec 36, T. 110 N., R. 30 W., is another outcrop of so-called 
pottery clay. This is part of the Big Cottonwood formation described 
by Sardeson.^ It is not particularly well situated for shipping. It out- 
crops about two miles from where the Minneapolis and St. Louis Rail- 
road leaves New Ulm going south. The outcrop rises 6 or 7 feet above 
water level in the Cottonwood River and extends an unknown distance 
below water. Twenty or thirty acres appear to be underlaid with the 
material. As tested by the Bureau of Standards at Pittsburgh, the prop- 
erties are as follows: The plasticity was satisfactory for working in 
an auger machine with 17 per cent of water. The drying shrinkage was 
5 per cent. Burned colors were fairly white, but iron granules could be 
seen. The clay softens at cone 31j4 (3200° P.). Machine-made brick 
had a tendency to check in burning, but this was not true of the hand- 
mold brick. This is an excellent refractory clay, and should be of value. 

Mr. Aufderheide, of the brick plant at New Ulm, has made some 
fire brick of the material, described as from Sec. 36, which was 
refractory, but did not show a satisfactory strength after being re- 
peatedly heated and cooled. No other attempts have been made to 
use these clays. 

In the neighborhood of New Ulm, and across the river in Sibley 
and Nicollet counties, there are a great many outcrops which are 

M)p. dt p. 231. 
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worthy of more attention than they have received. In the city limits 
of New Ulm, in the southeast part of town, a pottery was established 
some 30 years ago and obtained its material from a bed from 4 to 
8 feet thick of uncertain extent, but said to exist under the center 
of town with no more than 10 or 12 feet overburden. The clay slakes 
in 2 minutes, is highly plastic, and requires 20 per cent of water for 
molding. It has a tensile strength of 200 pounds per square inch and can 
safely be dried with artificial heat. The air shrinkage is less than 4 per 
cent. Burning tests gave the following results: 



Cone No. 


Color 


Per Cent Per Cent 
Shrlnkagre Absorption 


05 

03 

1 

6 

12 


Cream 

Buff 

Buff 

Buff 

Llf^ht gray 


0.7 
1.0 
1.4 


14 

"it" 



The clay becomes hard at cone 03 (1994® F.), and, while well vitri- 
fied, it does not seem to be near viscosity at cone 12. This deposit should 
be carefully studied to determine its extent. 

Near the south side of town, near the Northwestern Railroad 
crossing over the Cottonwood River, shales occur to a depth of 40 
feet extending over an unknown area, probably very great. The 
lower main portion is a rather soft g^ay clay, very favorably situated 
for development. It slakes very slowly, but is highly plastic, requir- 
ing 29 per cent of water for molding. Its tensile strength is ISO 
pounds per square inch, but rapid drying lowered this very materially. 
Its air shrinkage is 10 per cent. As burned by the Minnesota School of 
Mines Experiment Station, it gave the following results : 



Cone No, 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


OB 

02 

01 

2 


Salmon 

Salmon 

Brown 

Brown 


2 
4 

5 
5 


12.0 
7.0 
3.0 
2.f5 



The clay becomes too hard to be scratched with a knife at cone 
05 (1922° F.), and is viscous above cone 2 (2138° F.). This is one 
of the most promising bodies of Cretaceous clay that have been 
investigated. Most of it is gray in color, and it can be traced through 
the various hills in the neighborhood. Boring and wells have re- 
vealed the fact that the clay extends over considerable territory where 
it is concealed by later deposits. The upper portion of the deposit is 
red and evidently calcareous, possibly contaminated with gray drift 
and possibly with Cretaceous limestone. It is certainly much less 
valuable clay, but this poor clay is thin and there is 40 feet of the gray 
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clay below. The extent of such clay is shown by an outcrop of 
similar character along the Cottonwood River in Sec. 31, two miles 
west of town, though at this point the drift cover is heavy and less 
than 10 feet are exposed. 

Across the road from the New Ulm Farmers' Elevator on a prop- 
erty now used as a city park, is a third outcrop of shale which is red 
above and blue-gray below, and which can be followed along the 
bluff for considerable distance. Economic conditions are excellent 
and, if material underlying the less valuable property is similar in 
character, there should be room for some industrial development. 
The slaking and plasticity are about the same as in the other samples. 
The air shrinkage is 8 per cent. The clay bums salmon-colored and 
becomes hard at cone 05 (1922° P.). At cone 2 (2138° F.) it has 
become greenish g^ay and is at the point of viscosity. 

An exposure much less favorably situated occurs near the brewery 
of the A. Schell Brewing Company. The physical properties of this 
material are not as good as those above reported. 

Three or four miles south of Essig, on the Northwestern Railroad, 
an outcrop occurs along the Cottonwood River almost continuously 
for a mile, showing 6 feet above water level and existing for unknown 
depths below. It is white to gray and very plastic. The outcrops 
are not perfectly continuous and, as there seems to be a difference 
between the white clay and the gray which is associated with it, it 
may be that the white clay exists mostly in pockets. Both the 
white and gray clay slake in a few minutes and are highly plastic, requir- 
ing 23 per cent of water for molding. The tensile strength is well above 
100 pounds per square inch, even after rapid drying. The air shrinkage 
is about 7 per cent and, as burned by the Minnesota School of Mines 
Experiment Station, they have the following characters: 





White clay 




Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


010 

06 

01 

2 

8 

5 


Buff 
Buff 
Buft 
Buff 
Buff 
Buff 


*"i" 

4 
6 


"ii * 

8 
6 
6 



At all of these temperatures the clay is hard and undeformed. The 
absorption changes indicate the progress of vitrification, but the clay will 
evidently stand a higher temperature, about cone 10 (2400® F.) without 
beooming viscous. 
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CHray clay 




Ctone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


010 

06 

03 

2 

3 


Salmon 
Salmon 
Salmon 
Salmon 
Salmon 


1 

"i" 

4 


13.6*' 
8.5 
6.0 



This clay is likewise hard, but not viscous at the temperatures 
reported, but there is evidently enough organic matter in the gray 
clay to cause danger of the formation of black cores. In a rapid 
test the brick swelled and cracked at cone 3. Both of the clays, 
however, show an excellent range of vitrification (450® F.), and 
are valuable. The white clay has been tested by the Red Wing 
Stoneware Company with results that were reported as favorable, 
but the material has not been used because it is not very readily 
accessible. The overburden is thin and the clay outcrops in a great 
many places. 

At Springfield, some 20 miles up the Cottonwood River from 
New Ulm, the A. C. Ochs Brick and Tile Company have developed 
a large body of Cretaceous clays just east of town along the 
Northwestern Railroad. The clay is 20 feet thick above water level 
and is known to extend over 20 acres. It is g^ay, thin-bedded, and 
contains both pyrite and limonite in concretionary masses an inch or two 
in thickness. Over most of the area it is covered with common gray 
drift. The proportion of sand is somewhat variable. The clay slakes in 2 
minutes, is hi^e^hly plastic, and required 29 per cent of water for molding. 
Its tensile strenqfth is nearly 200 pounds per square inch, but is much less 
if the clay is rapidly dried. Its shrinkage on drying is about 7 per cent. 
As tested by the Bureau of Standards, a sample of especially rich plastic 
shale has the following characters: Auger lamination is serious and 
there is much danqfer of cracking on drying. The clay burns buff at low 
toiniH^ratures and is chocolate when vitrified. The range of vitrification 
is excellent. A porosity of less than one per cent is maintained for over 
100*^ F., without viscosity. Fire shrinkage is less than 5 per cent. It is 
probaMy available for roofing tile, if warping can be avoided in drying. 
A special ilio mii^ht be successful. 

The company has been operating for 20 years and has manufac- 
tured mostly hollow brick and tile, with a plant consisting of 8 kilns 
which when full would contain' about 4 million bricks. Both soft- 
nuul and stitT-mud brick are manufactured and the strength of the 
product is excellent. The Minneapolis Building Inspector has the 
following record : Three well-burned building tile of 91-inch cross sec- 
tion, two holes horizontal, gave an average strength of 965 pounds per 



CARLTON COUNTY ^ 79 

« 
square inch. The degree of vitrification easily obtained would indicate 

that the material is suitable for paving brick, but the wearing qualities 
haye not been tested and few of the bricks are made solid, as the 
central core makes them lighter for shipment and assists in drying 
without checking. 

An area of similar Cretaceous clays outcrops west of Springfield. 
Its properties are probably very similar to those of the clay east of 
town. Mr. Ochs reports, however, that the other clay described is capable 
of making excellent sewer pipe, whereas that east of town is usually 
burned to a well-vitrified building block. 

Although these diflferent outcrops of Cretaceous clays vary in 
their properties, some of them are very promising, and there is much 
evidence that they are present throughout most of the southern part 
of the county, and are in some places 200 feet in thickness. Analyses 
arc reported in Table II, page 45. 

A mile and a half southeast from the center of New Ulm, river 
clay is known to a depth of 8 or 9 feet over several acres. The 
upper part of the deposit is dark brown, but the lower part is yel- 
bw and more plastic. There is no overburden except the sod, and the 
asual impurities are scattered patches of sand or even an occasional 
bowlder and some organic matter. The deposit has been used since 
1875 for red brick made with a soft-mud machine which has a ca- 
pacity of two or three million brick per season. 

CARLTON COUNTY 

Types of clay, 4. Recent Alluvium 

3. Pleistocene c) Gray lake clays 

b) Red lake clays 
a) Red drift 

2. Algonkian (?) Red clastic series 

1. Huronian '. Slates 

At Wrenshall, gray lake clays are extensively developed. The 
town of Carlton as a railroad center has the best location if material 
were available, and it is hoped that the Huronian slates so promi- 
nent here may be made the foundation of some extensive industries 
with Duluth and Superior as the closest markets. But with the 
fancy product which doubtless could be made, it should be possible 
to ship to the Twin Cities and throughout the Northwest. 

The Huronian slates outcrop in especially favorable situation 
along the St. Louis River from Cloquet to Carlton, in glaciated knobs 
projecting above the general level of the drift. These are not now 
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used, and the past attempts were not particularly successful. Thejr 
are extensively metamorphosed and have developed a good secondaiy 
cleavage though they are not very satisfactory as roofing material. 
(See Plate II, B.) The variation from a graywacke to a slate is not ' 
reg>ular and the folding and crumpling of the formation makes it 
difficult to predict exactly where good slates are available, but a 
hasty trip over the district makes it certain that there are many con- 
venient places where the thickness is very great and there is no over- 
burden. The hardness of the material would increase the difficulty 
of quarrying, but all other conditions seem to be favorable. The 
slate is of course non-plastic, has very little tensile strength and air 
shrinkage. It needs only 9 per cent of water for molding. At cone 
5 (2250° F.) it is thoroughly vitrified and dark red in color. In 
1892 a company was organized under the name of the St. Louis 
River Slate Brick Company. The superintendent of the company 
had a patent or secret process which he tested with considerable 
thoroughness, but nothing has been done for the last eighteen years. 
The brick produced were red pressed brick of excellent quality, and ; 
some are now standing in several Duluth buildings. One disad- { 
vantage of the brick was their high specific gravity which increased j 
the freight rate per thousand brick. 

A fancy brick could readily be made from this slate by the addi- 
tion of some more easily fusible drift clays in the neighborhood. 
Laboratory tests indicate that the clay at Wrenshall which occurs in 
such quantity a few miles east, and the red bowldery clay so promi- 
nent in all the neighborhood around the west end of Lake Superior 
would be excellent for bonding days. With 5 per cent of red clay, 
the mixture became so hard at cone 06 (1900° F.) that it could not 
be scratched with a knife, and was still undeformed at cone 5 
(2250® F.). The color ranged from light to dark red between these 
temperatures, and the appearance changed from that of common red 
brick to that of a thoroughly vitrified paving brick. An experiment 
was made by mixing these clays without crushing the slate to the 
U3Ual degree of fineness. With lumps up to J4 inch in diameter, the 
popular rough appearance of a klinker brick was closely imitated. 
FMcv brick of this t3rpe would be in great demand in the cities at 
Ikt head of the lake. By using the proper proportion of the fusible 
ffd day, it is possible to get the rough lumpy brick to have the ap- 
ptarance of being glazed, and the excellent characters of the result- 
ing product seem to promise well for this deposit. 

Red clastic series. On the railroad above Fond du Lac is an out- 
of shale associated with the red sandstone of the western end 
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[ Lake Superior. It is a soft, fine-grained red shale with a few small 
ray circular areas, which aside from the color do not appear particu- 
j-ly different from the rest of the rock. A chemical analysis of this 
Kk is as follows :^ 

SUica 48.92 

Alumina 18.45 

Ferric oxide 16.88 

Ferrous oxide 0.57 

Lime 0.70 

Magnesia 3.68 

Soda 0.48 

Potash 1.32 

Water 7.14 



98.14 



Red drift, of the common pebbly character, was made use of some 
cars ago for red brick, just north of the town of Barnum. The 
itire r^on around Barnum seems to consist of pebbly clay, and 
le pebbles must be crushed before the clay will make satisfactory 
roducts. The clay slakes in 5 minutes, and has a fairly high plastic- 
y, requiring 21 per cent of water for molding. Its air shrinkage is 
vtr 6 per cent, and its tensile strength is about 75 pounds per square 
ich. Burning tests gave the following results : 



Cone Na 


Color 


Percent I Percent 
Shrinkage ' Absorption 


05 

03 

6 


Red 
Red 
Red 


2 

7 


11 
6 



he day becomes hard at cone 04 (1958° F.), and seems to contain 
lOUgh organic matter so that, if rapidly heated, it develops a black 
>rc and swells greatly, but, if thoroughly oxidized, it will stand a 
mperature of about cone 2 (2138° F.). This is apparently a type 
[ clay that is very widespread throughout the eastern part of the 
tate. 

Deposits around the west end of Lake Superior show that dur- 
ig the retreat of the ice the great basin was dammed across so that 
ater was raised to a level of over 300 feet above the present lake, 
n this lake, known as Lake Nemadji, the melting ice dropped red 
Icbris and glacial rivers brought down and deposited various sedi- 

^Mtimesota Geol. and Nat Hist. Survey, Vol. 5, p. 555. 
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ments. Water sorting resulted in the formation of some rich Izmh 
nated clays, but floating ice contaminated some of the clays widi 
bowlders. Streams from the gray drift areas in the west produced 
gray clays. The ice itself brought red bowldery clays. 

The red bowldery clays have thus far been little used in Minn^ 
sota, but are worthy of more attention wherever sand or slate is 
available for mixing. The deposit in this county is known to be at 
least 60 feet in thickness, and extends across the county for many 
miles. The southernmost of the accessible outcrops is 4 miles east 
of Moose Lake, on the Soo Line. Especially favorable occurrences 
are at Holyoke, and it might be possible to develop a deposit within 
two miles of Wrenshall where the gray laminated clays are so well 
developed. The deposit is no doubt continuous between all these 
localities. It is characteristic of the clay not to show any pronounced 
lamination, or sandy layers such as are characteristic of most red 
glacial lake and river clays. The chief distinction between this and 
common pebbly red drift from the northeast, is the relative abun- 
dance of clay and some faint traces of stratification. There is also 
the fact that it is found on all sides of the west end of Lake Superior, 
where such a deposit would be expected if it had this origin. It has 
been spoken of as a "water-laid moraine.*' The clay slakes in 2 minutes, 
shows a very high plasticity, and requires 27 per cent of water for mold- 
ing. Its tensile strength is nearly 100 pounds per square inch, but it 
cracks rather seriously if rapidly dried. The air shrinkage is 9 per cent 
Burning tests indicate a rano:e of vitrification of about 250° F. and the 
temperature of viscosity is 2100° F. 

On account of the rather high shrinkage, a sample of the sand which 
occurs in the neighborhood and frequently overlies this clay directly, was 
mixed with the clay to ascertain whether a slight addition might improve 
the shrinkage and the range of vitrification. This proved to be the case 
and it is recommended that for hard burned common brick, plants should 
be located where a supply of sand is available. This is the clay, also, 
which was used in experimenting with the slates near Qirlton for 
the manufacture of fancy rough brick. As it shows a lower cone of 
fusion than the slates, it serves very nicely as a sort of glaze and 
bond between the coarse grains of slate. Its plasticity also is a de- 
sirable quality when it is mixed with the non-plastic slates. 

The gray laminated clays were washed into Lake Nemadji from the 
west and are most prominently developed in the vicinity of Wren- 
•hall They are not much contaminated with bowlders. (See Plate 
IV) Five large successful plants are in operation, each with es- 
•entially the same type of clay, which here has been developed to a 
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depth of about 50 feet and explored to the depth of 80 feet. Near 
hs upper surface for a few feet, it is more or less broken up and 
mingled with pebbles, but this condition disappears gradually with 
depth and the stratification becomes regular. The same gentle undu- 
lation visible in the laminated clay north of Minneapolis (described 
as in Anoka County) occurs here also. The clay when blue or gray 
makes a cream-colored brick, but the top part of the deposit has not 
only been disturbed physically, but apparently has been altered chemi- 
cally by leaching so that its color is red and it burns to red brick. 
In the upper 10 or 15 feet the disseminated lime has apparently been 
segregated and is seen in the form of limey concretions which, how- 
ever, are seldom so abundant as to be serious. The clay extends 
generally under the flat region, and is seen along the sides of many 
deeply cut ravines draining into the St. Louis River. It is about 
300 feet above the flat on which Superior and West Duluth are lo- 
cated. The detailed structure of the clay is so similar to that of clays 
found along the Minnesota and Mississippi rivers that its development in 
interglacial times or soon after the retreat of the ice may be pretty 
confidently assumed. The lamination is evidently due to the same 
causes, but the occurrence of this deposit in a place where no river 
of the same general type is known and the wide extent of the deposit 
itself, are indications that it formed as a lake deposit rather than as a 
river silt. The clay slakes in 3 minutes, and shows a fairly high 
plasticity, requiring 23 per cent of water for molding. The air 
shrinkage is 4 per cent and the tensile strength is 175 pounds per square 
inch even when the clay is rapidly dried. Its qualities as shown by tests 
of the United States Bureau of Standards are as follows : The clay burns 
buflF at low temperatures, but becomes greenish yellow when well vitrified. 
It has a short range of vitrification when the porosity drops from 
42 per cent to nearly none in about 100°. This type of clay is not 
satisfactory for vitrified ware. 

The various plants have a capacity ranging from 40,000 to 140,000 
brick per day. Most of the brick are made with stiff-mud machines, 
although some find the soft-mud process more favorable. Very 
little hollow ware is produced. Red brick are turned out only when 
the upper layers of clay are carefully separated from the lower. If 
uniformly mixed, the 10 feet of red burning clay is not sufficient 
to affect the color of the 30 feet of cream burning clay. The average 
quality of the brick made at Wrenshall, as tested by the Experimental 
Engineering Department of the University, is as follows : 
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CruBliliiK Strength in 
Pounds Per Square In. 


Modulus of 
Rupture 


Percent 




Wet Dry 


A^bsorpdOD 


Soft-mud cream brick 


2809 
2894 
4474 
8864 
8770 


2166 
4762 
6888 
8238 
5247 


982 
926 

1409 
679 

1189 


29.4 


Htl/f-mud cream brick 


21.7 


StiflT-mud sewer brick 


18.5 


Soft-mud red brick , 


14.9 


StlfT-mud red brick 


13.S 



River alluvium is deposited here and there along the St. Louis 
River. At Cloquet the river passes through a rather extensive flood 
plain or flat on which saw mills are located. Before the lumber yards 
became so extensive as to occupy most of the flat, a small brick 
yard produced some red, soft-mud brick, which were of fair quality, 
if one can judge from the buildings still standing at Cloquet On 
the northeast side of the river a considerable portion of the flat is 
still unoccupied and was sampled to determine the quality of the silt of 
St. Louis River. It slakes at once and its plasticity is low. It requires 21 
per cent of water for molding and its air shrinkage is 3j^ per cent. Its 
tensile strength is over 100 pounds per square inch, even when it is rap- 
idly dried. Burning tests gave the following results : 



Cone No. 


Color 


Per Cent Per Cent 
Shrinkage Absorption 


04 

02 

1 

8 


Ushtrwl 
Llfhtred 

lied 

Red 


1 
2 

5 
7 


19 
18 
11 

7 



The clay becomes hard at cone 02 (2030° F.), and reaches vis- 
cosity a little above cone 4 (2210° F.). It should be capable of 
burning to an excellent hard red brick, and the refuse from the saw 
mills should make the fuel problem an easy one. 
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Types of clay, 2, Recent AlluWum 

L Pleistocene b) Gray lake and riyer clays 

a) Gray drift 

The only place in Carver County where brick are being manu- 
factured is at Chaska* on the Minnesota River. Gray laminated river 
diys of the glacial River Warren supply materials for the industry. 
The section at the clay pit consists of 20 to 40 feet of sand and 
ignrfd, stratified in the K^x^r wirt^ bei>w which b dark gray clay to 
gf^nth of 100 to 200 feet. It is known to extend under the river 
for hundreds of acnw^ Its Uminated character and geologic 
diow that tftts clay is a >3erc:5it frvMn tfie river, formed at a time 
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hen it was greatly swollen by the melting of glacial ice. When the 
tream was rapid, sandy deposits were mixed into the bank and 
ow arc found as irregular pockets and "wells" and streaks, but so 
cattered that by mixing the product from different parts of the bank 
; uniform qtiality of brick may be produced. The clay slakes in one 
ninute, and shows a fairly high plasticity, requiring 28 per cent of water 
or molding. Its tensile strength is rather low, only one briquette show- 
ng over 100 pounds per square inch ; and a test for the adhesion of two 
)icces of clay when pressed together shows very little strength. The 
lyerage day shows a shrinkage of 7yi per cent on drying, but when 
lomc of the particularly sandy layers were mixed in, this could be reduced 
oA^t per cent apparently without injuring the product. The clay bums 
mff up to a temperature of viscosity, and can be burned hard with very 
ittle shrinkage. The absorption is over 20 per cent even in well-burned 
)rick. Clay becomes hard at cone 02 (2030*^ F.), and viscous at cone 4 
(2210** F.). The character is very similar when half the mixture is com- 
posed of the particularly sandy layers. Four plants using this clay are in 
successful operation. All are under one management and use essen- 
tially the same method. The capacity of the four plants varies from 
45,000 to 140,000 brick per day. Last year 50 million brick were 
made at Chaska. Coal is the only fuel available, and a large pro- 
portion of the product are solid cream-colored brick, some of which 
are made in the soft-mud machine. Three of the plants have facili- 
ties for making hollow ware, and three of them are provided with 
steam shovels for winning the clay. Some of the products from 
Chaska have been tested by the Minneapolis Building Inspector. 
The results are as follows: Two sewer brick showed a crushing 
strength of 4,250 pounds per square inch. Four miscellaneous brick 
in one set gave an average strength of 1,600 pounds per square inch. 
A set of 14 brick, probably selected with some care (though this was 
not stated), had an average crushing strength of 2,635 pounds per 
square inch. Two hollow brick had a strength of 236 pounds per 
square inch. One hollow tile with three openings horizontally had a 
strength of 158 pounds per square inch. 

The Experimental Engineering Department of the University of 
Minnesota obtained the following results on Chaska brick : Five soft-mud 
wcll-bumed brick tested dry had an average crushing strength of 2,081 
pounds per square inch. The modulus of rupture was 658 pounds per 
square inch and the absorption 22.2 per cent. The hollow building blocks 
have an average strength of 505 pounds per square inch. The 
modulus of rupture was 600, and the absorption 10.0 per cent. Wet 
brick had about the same strength as the dry ones. 
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The other clays of the county are of the g^ay drift and alluvium 
and are inferior, so far as known, to the deposits at Chaska. 

CASS COUNTY 

Types of clay, 2. Recent Lake clays 

1. Pleistocene b) Gray drift 

a) Red drift 

Cass County is covered with gray drift except in its two south- 
eastern comers, where the red drift is exposed. Possibly lake clays 
of value may be discovered near White City. 

CraPPEWA COUNTY 

Types of clay, 3. Recent Alluvium 

2. Pleistocene Gray drift and gray 

laminated clay 
1. Archean Residuals 

Throughout the county, the gray drift, rarely free trom pebbles, 
is abundant. At Montevideo it was abandoned for river clays and 
now the latter are abandoned also. Considerable clay is visible in 
the flat near the mouth of Chippewa River. Opposite Minnesota 
Falls are some small outcrops of clay residual from granite. These 
are not likely to be of much importance. N. H. Winchell reports^ 
the same from Timsberg. O. E. Meinzer reports well records 
showing 70 feet of white clays, Cretaceous and Archean, at Monte- 
video, at a depth of several hundred feet. 

The gray drift op|X)site Granite Falls was freshly exposed by 
a railroad cut, deep enough to reach unweathered gray drift below 
the yellow drift. (See Fig. 2.) Both the yellow and the gray drift 
are well supplied with limestone and other pebbles and contain about 
the proportion of sand found in the Hutchinson material. The 
clays slake in 2 minutes and are highly plastic, requiring 17 per 
cent of water for moldinof. The tensile strength is about 150 pounds per 
square inch and the shrinkagre on dr>-ing less than 4 per cent. These 
samples require a temperature for vitrification slightly above the average. 

About 5 miles northeast of Appleton, and a mile east of the Great 
Northern Railroad, the digging of a well has revealed a plastic blue 
clay which is apparently of the laminated type. The clay slakes at 

1 Winchell. X. H.. Final Rep. Minnesota Geol. & Nat. HisL Survey. Vol. 2. p. 218. 
-Meinzer. O. E.. Water resources of Southern Minnesota: U. S. Geol. Survey. Wa- 
ter-Supply Paper. No. 256, p. 153. 
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once and shows a high plasticity, requiring 34 per cent of water 
for molding. Its air shrinkage is 4 per cent and its tensile strength 
is over 150 pounds per square inch, though rapid drying is injurious. 
Burning tests proved it to be of very poor quality. The brick bums 
salmon color and shows very little shrinkage up to the temperature of cone 
02 (2030° F.), where it has an absorption of 28 per cent. At cone 
01 (40° higher) the shrinkage increased to 16 per cent, the absorp- 
tion decreased to 2 per cent, and the clay is viscous. It is certainly not 
safe to bum the clay hard. 

CHISAGO COUNTY 

Tj-pes of clay, 2. Pleistocene c) Red lake and river clays 

b) Gray drift 
a) Red drift 
1. Cambrian Dresbach shale 

At Rush City a plant operating for several years made red brick 
from till. Later a particularly good clay was developed IJ/2 miles 
south of town. This is apparently to be classified as the outwash 
from the front of the ice sheet. It may have formed from the ice 
sheet which brought in the gray drift, but the gray drift throughout 
this county is rather thin, and enough material from the northeast 
has been incorporated into this outwash so that it burned red, and 
is here classed as part of the red drift. The clay slakes at once, and 
is highly plastic, requiring 27 per cent of water for molding. The 
tensile strength is between 50 and- 75 pounds per square inch, and the air 
shrinkage between 5 and 6 per cent. Burning tests resulted as follows : 



Cone No. 



Color 



Per Cent 
Shrinkage 



Per Cent 
Absorption 



06 

05 

01 

3 

4 



Salmon 

Salmon 

Red 

Red 

Red 





5 
7 



20 

18 

10 

6 



The clay becomes too hard to be scratched with a knife at cone 
OS (1922® F.), and is apparently not close to viscosity at cone 
4 (2210° F.). It has thus a range of vitrification of about 300 degrees 
or more, and is capable of being burned to a very hard and excellent 
product. Brick have been made here for several years and a spur 
track was laid from the Northern Pacific Railroad half a mile awav. 
It is claimed that the work was abandoned on account of the difficulty 
of getting expert men to carry on the work, but if the qualities of the 
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clay are as excellent as they appear to be, and there is any favorable 
market, it seems tmfortunate that this plant has been abandoned. 

Hills of gray drift cover a large part of the county and constitute 
the most eastern extension of this type of material. A sample was 
taken at Center City where the exposure is 40 feet thick. The clay 
slakes in 2 minutes, and is highly plastic, requiring 19 per cent of water 
for molding. Its air shrinkage is less than 4 per cent and its tensile 
strength is over 150 pounds per square inch. As compared with the 
material profitably used at Hutchinson, the clay at Center City is a 
trifle more sandy, containing 33 per cent instead of 30 per cent of sani 
The difference should not be one of any importance, as the range of 
vitrification of the clay is essentially the same. 

At North Branch a small brick yard was started many years ago 
in Sees. 14 and 15, just west of the town, making use of some patches 
of red drift which come to the surface here and there through the 
gray drift which covers it in most places. At Sunrise the material is 
evidently similar and was used in 1856. Red laminated clay also is 
exposed near Sunrise. At Taylors Falls, red laminated clay occurs 
on the Wisconsin side, but on the Minnesota side it is covered by 
gray drift. 

The Dresbach contains a thin shale layer in the bluffs near the 
Dalles at Taylors Falls, and, though of fair quality, it is probably too 
thin to use. There is not more than 10 feet of siliceous shale about 
30 feet below the railway track. It softens in water but does not 
slake. After grinding, it may be molded with 20 per cent of water 
and develops a tensile strength of over 50 pounds per square inch. Its air 
shrinkage is 3.5 per cent. Burning tests resulted as follows: 



Cone No. 



Color 



Per Cent 

Shrinkafre 



Per Cent 
Absorption 



05 

03 

01 

1 

3 



Salmon 

Salmon 

Salmon 

Red 

Red 



0.0 
0.0 
0.3 
0.5 
0.6 



17 

16 

15 

6 

2 



It becomes too hard to scratch with a knife at cone 03 (1994° F.), 
and viscosity is reached at cone 3 (2174° F.). The range, therefore, 
is 180°+. If abundant, this material might be used for hard burned 
products. 



CLAY COUNTY 

1. Cretaceous b) Silts of Red River Valley 

Types of clay, 2. Pleistocene a) Gray drift 

Shale 
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Dark blue Cretaceous shales were found at Fargo across the river 
m Clay County, at a depth of 220 feet, and are known to be over 
feet thick. No doubt they extend into Clay County. 
At Moorhead several plants have been installed to make use of 
thin upper leached and oxidized portion of the silts of the Red River 
lley. Only 16 inches of clay here is of good quality. If the under- 
ig clay is mixed with this, much trouble is encountered in 
(ring. It is necessary to work such a large area to obtain the 
y when it is so thin, that at most plants a few inches of soil have 
en stripped off from the clay to be used and spread upon the sur- 
ce of the shallow pit from which the clay has already been removed. 
his allowed the continuous use of the soil for farming purposes, 
ccept over the f evr acres which were being actively worked. The clay 
lakes in 1 minute, and its plasticity is low. It requires 22 per cent 
if water for molding. Its tensile strength is well above 100 pounds per 
iquare inch, even "when it is rapidly dried, and the air shrinkage is 5 per 
xnt. Burning tests gave the following results : 



Cone Na Color 


Per Cent Per Cent 
Shrinkage Absorption 


04 

01 

t 

S 


Buff 
Buff 
Buff 
Buff 





1 


83 
88 
29 



The clay becomes hard at cone 3, although satisfactory brick can 
ht made at somewhat lower temperatures. Its temperature of 
fusion is rather higher than that of most of the clays which contain so 
much lime. It has a range of vitrification of nearly 200°. The several 
plants which have been operating in this neighborhood produced soft- 
mud brick and the capacity of each was rather limited. They are no 
longer operating. 

At Bamesville, samples were taken from two points, one a mile east 
of town, and one about the same distance north at the site of an old brick 
jrard. Both of these samples were taken so as to include several feet of 
the blue clay as well as the very thin layer of leached material on top. 
Scattered crystals of gypsum appear in one of the samples. The clays 
slake in 2 minutes, and are highly plastic, requiring 39 per cent of wa- 
ter for molding. When very carefully dried, the briquettes have a 
strength of over 100 pounds per square inch, but they crack to pieces 
anless dried with care. Furthermore, a test of the adhesive quality of 
pieces of wet clay pressed together shows that the use of an auger ma- 
chmc might result in very defective structure. The shrinkage on drying 
is 7 per cent. Both the clays bum buff at temperatures as high as 2000® 
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F. The sample taken from the east side of town shows a good range of 
vitrification and reaches viscosity at cone 4 (2210^ F.)^ It should be 
capable of making even better and harder brick llian formerly were nuuk 
north of town. 

CXEARWATER COUNTY 

Pleistocene gray drift is the only day reported in the county, and it 
needs cleansing before it is capable of snccessfal use. Lakes are notiblj 
less abundant than in neighboring counties. 

COOK COUNTY 

Red clays are reported in considerable abundance and are apparently 
like the "water-laid moraine'^ so common around the shores of Late 
Superior. The following analysis of a sample sent to the University of 
Minnesota in 1897, by Chester McKusick, is reported by Dr. C. P. Berkqr. 

Analysis of Red Clay from Cook County 

Silica 53J9 

Alumina 14.259 

Iron oxide 13.706 

Lime 3.033 

Magnesia 1.740 

Alkalies not reported 

Combined water 9.995 

Carbon dioxide 4.278 



100.451 



COTTONWOOD COUNTY 

Types of clay, 3. Recent Lake clay 

2. Pleistocene Gray drift 

1. Cretaceous shale 

About half a mile from the station at Windom is a deposit of gray 
drift, which has been explored to a depth of 8 feet over a great many 
acres. In parts of the neighborhood it is undoubtedly of a greater 
thickness. The clay slakes in 3 minutes and is fairly plastic, requiring 24 
per cent of water for molding. Its tensile strength is about 50 pounds 
.per square inch, and the air shrinkage is 6 per cent. Burning tests by 
the Minnesota School of Mines Experiment Station are as follows: 
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Cone Na Color 


Per Cent Per Cent 
Shrinkage Absorption 


M 

01 
1 
5 


Salmon 
Salmon 
Brown 
Brown 


1 
7 
8 


20 

17 

6 



The clay bums hard at cone 03 (1994° F.), and is viscous at about 
cjone 3 (2174° F.). An attempt was made to use this clay at the Win- 
dom Brick and Tile Factory, and the product is said to have been satis- 
factory. 

A lake clay which has been used by the Bingham Lake Brick and Tile 
Gnnpany since 1904, occurs on the northeast side of Bingham Lake. 
It is known to be 9 feet thick over several acres. A few small limestone 
pd>bles seem to have been washed into the upper layers of the clay, but 
the main part of the deposit is free from them. The clay slakes in 1 
mtnote, and is highly {^stic, requiring 32 per cent of water for mold- 
ing. The tensile strength is over 125 pounds per square inch, but this is 
decreased somewhat by rapid drying. The air shrinkage is 7 per cent. 
Burning tests made by the Minnesota School of Mines Experiment 
Station are as follows : 



Cone Na 


Color 


Per Cent l Per Cent 
Shrinkaere 1 Absorption 


04 
03 
OS 
01 
S 


Salmon 

Red 

Red 

Brown 

Brown 


1 
2 
8 
9 


22 

20 

19 

6 



The clay becomes too hard to be scratched with a knife at about cone 
03 (1994° F.), and reaches viscosity at cone 2 (2138° F.). The com- 
pany have specialized in the manufacture of tile rather than brick, of 
which they can produce about 650,000 per year. 

Cretaceous shales at depths of about 300 feet are found by drilling. 



CROW WING COUNTY 

Types of clay, Pleistocene b) Gray lake and river clay 

a) Red drift 

About a mile northeast of the town of Brainerd, a yard was started 
along the banks of the Mississippi River in 1876 to produce cream brick 
from laminated clays. The clay is exposed in the bluff and overlaid by 
about 20 feet of sand. Where the sand has protected it from weathering, 
it is uniformly gray in color, but work at this point has been abandoned, 
as most of tiie easily accessible clay has been used up and the removal of 
20 feet of sand to obtain about 30 feet of clay did not appear to he profit- 
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able. The clay is of excellent quality, and either this or some neigl 
ing deposit may yet be used, though between this locality and the tO! 
of Brainerd, no such clay seems to be available. 

The clay slakes at once, and shows a fairly high plasticity, requirii 
24 per cent of water for molding. Its air shrinkage is 4 per cent and il 
tensile strength well above 100 pounds per square inch even when rapi< 
dried. Burning tests by the Minnesota School of Mines Experiment 
Station are as follows : 



Cone No. 


Color 


Pfer Cent 
ShrinkaflTe 


Per Cent 
Absorption 


02 
1 
t 
4 


Buff 
Buff 
Buff 
Buff 


1 
2 
2 
7 


25 
22 
22 
11 



At cone 01 (2066° F.) the clay becomes too hard to be scratched with 
a knife, and it reaches viscosity at cone 4 (2210° F.). 

In 1886, at about the time this clay along the river was abandoned, it 
was found that there was an outcrop of similar material a few hundred 
yards east where a tributary stream had eroded the overlying sand. A 
brick yard is now in operation upon this deposit and, though the upper 
portion has been leached to a yellow color, it is essentially similar in 
origin. It seems rather more sandy, however, and it bums to a red brick. 
It probably is available under about 200 acres of land. The clay slakes 
in 4 minutes, is highly plastic, and requires 24 per cent of water for 
molding. Its tensile strength is only about 50 pounds per square inch, 
and its air shrinkage is 8 per cent. Burning tests are as follows : 



Cone No. Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


05 

03 

1 


Salmon 

Salmon 

Red 


1 
S 
6 


16 

12 

3 



The clay becomes hard at cone 05 (1922° F.), and viscous at cone 1 
(2100° F.). The plant has machinery with a capacity of 20,000 brick 
per day, but works only half day shifts, producing sand-mold common 
brick. 



Types of clay, 3. 

2. 

1. 



DAKOTA COUNTY 

Recent Alluvium 

Pleistocene b) Loess 

a) Red and gray drift 
Decorah shale 
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The Pleistocene and Recent clays are not important. A small brick 
jard at West St Paul makes use of red burning leached drift. The clay 
nay be made up of a sort of outwash. It slakes at once, and its plas- 
ticity is rather low, though it requires 28 per cent of water for molding. 
Its tensile strength is over 100 pounds per square inch, and the air shrink- 
age is less than 4 per cent. Burning tests are as follows : 



Cone No. 


r>oiAi> Per Cent 
^®»®' Shrinkage 


Per Cent 
Absorption 


1 
S 
S 


Salmon 
Red 
Red 
Red 
Red 


1 
2 
5 
7 


18 

16 

10 

8 



The clay becomes hard at cone 01 (2066® F.), and is nearly viscous at 
cone 5 (2246® F.). It should, therefore, be possible to burn it to a very 
excellent hard product. The plant which has been working this deposit is 
relatively small, and is now practically abandoned. 

The most important formation is the Decorah shale, which is best 
developed along the Mississippi River bluffs at West St. Paul. The dis- 
tribution of the Decorah shale in this county may be seen by reference to 
the State map. (See Plate I.) 

In West St. Paul and Mendota the geologic section is as follows : 

Thickness 

7. Drift 65 feet 

6. Shale and limestone (many layers of limestone) 40 feet 

5. Hard limestone 3 feet 

4. Shale (J<2-inch lenses of limestone) 40 feet 

3. Limestone 18 inches 

2. Shale 3 feet 

1. Platteville limestone 12 feet 



rhis is about the maximum thickness in the State. The lower part of 
>f the large body of shale, number 4 of the section, seems to differ slightly 
a character from the higher shale beds which alternate with the lime- 
tone. Results of tests of samples of each horizon are as follows : 

1. The lower shale is smooth and green in color, slakes in 2 minutes, 
nd is very highly plastic. It requires 28 per cent of water for molding, 
las a tensile strength of nearly 100 pounds per square inch, and is unaf- 
ccted by rapid drying. Its tensile strength is remarkable in that two 
neces which have been cut apart and again pressed together, as by the 
inger machine, readily adhere with about as much strength as before. 
rhis eliminates most of the common defects of bricks made in Minnesota. 
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The air shrinkage of this day is less than 6 per cent. If rapidly burned, 
there is a strong tendenc}' to the formation of black cores with the coDs^ 
quent swelling and destruction of the brick, but if the organic matter is 
carefully oxidized in the early part of the process, the results are as fed- 
lows : 



Cone No. | Color ^rSr^St 


Percent 
Absorption 


010 
0< 
04 
02 


Salmon 
Salmon 

Red 
Brown 


4 
< 


1% 
9 



The clay burned too hard to be scratched with a knife at cone 010 
(1742° F.) and was not viscous at cone 02 (2030° F.), if burned very 
slowly to avoid black cores. In the laboratory- tests an efflorescence ap- 
peared on the brick taken from the furnace which might indicate a ten- 
dency to the production of "kiln white." 

2. The upper shale can usually be quite cleanly separated from the 
interbedded limestones and gives about the same results as the lower bed, 
except in the matter of color which is much lighter. A little less water 
is required to make it plastic. The clays yield the following analyses: 

Tahie TL Amai»9€* o/ Dtcwk 8hmi€ cl West 81. Paui 

Silica ' 50.81 I M.«8 

Alumina I *0.?5 | 24.04 

Inyn oxides ■ 5.1S I 6.53 

Titania [ 0.50 ! 0.66 

Lime I 4.05 | 0.45 

Magnesia ■ MS ! 108 

S<xi* '■ *.» 0.47 

Pv^tadh ».0 ' 5.37 

Moisture 2-lS 135 

Ijgnuio n ' S-92 5.15 

».»: 100.76 



The plant of the Twin City Brick Company, one of the largest in 
the Sta:e» is located at the boimdar>- line between West St. Paul and 
Mendota. Here this company has a verb- extensive quarr>- and produces 
brick and hollow ware, with a capacity- of nearly 100.000 a day. Bride 
are burtied to about JllV* F.. var>-in^ considerably with the type of prod- 
uct desireu. The main variations in the products are controlled (1) by 
the proportion of upper and lower shale used: v-* ^y ^^^ temperature 
used in bunr^r.^^; and '3i by the supply of fuel and air at the various 
stages of burning . resulting in oxidation and reduction. Work was 
begun in this neighborhood over A^ years ago and has progressed with 
many changes in method and control, and the final consolidation and 
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uccess have been largely due to the present management. Market 
londitioas are of course excellent. Various details of manipulation 
lave been patented and the ingenious devices which have been developed 
n the ground are -worthy of careful study by any one planning to 
[nakeuse of Decorah shale. Although the shale bums red under normal 
ind laboratory conditions, it is capable of being altered by the control of 
the fuel supply and by shutting off the supply of air so that the resulting 
brick are given various dark shades of color. Fancy brick, front brick, 
and klinker brick are produced in such quantities and bring such high 
prices that the production of common brick and drain tile has practically 
ceased at this plant. One of the many interesting special products is an 
interlocking tile for building block. 

The following test of the products made in West St. Paul are available. 

Professor Talbot, of the University of Illinois, reports a crushing strength 

of 1,100 pounds per square inch, for hollow block about 4 x 4 x 13 inches, 

with the opening through the block in a horizontal position. Also a 

strength of 3,500 pounds per square inch for hollow block about 4x4x4 

inches, with the opening through the block in a vertical direction. The 

City Building Inspector of Minneapolis, in testing the hollow block, found 

a crushing strength of 900 pounds per square inch as an average of ten 

tests on blocks 4j/i inches square and IZyi inches long. The Building 

Inspector also tested some solid brick, finding an average of 3,300 pounds 

per square inch, with a minimum of 1,775 and a maximum of 6,250, in 

ten bricks tested. 

DODGE COUNTY 

Types of clay, 2. Pleistocene b) Gray lake clay 

a) Gray drift 
1. Decorah shale 

In the eastern portion of the county, along the head waters of the 
various branches of the Zumbro River, the Decorah shale and the Ga- 
lena limestone outcrop. The Decorah shale probably underlies most of 
the county and affords the most promising formation for the manufacture 
of clay products. Shales, without a very heavy overburden, outcrop in the 
vicinity of Mantorville and Kasson within a mile or two of the railroad. 
These should be investigated as a probable source of brick material. 
Gray drift, such as is being worked at West Concord for the manufac- 
ture of drain tile, covers most of the county. It contains numerous peb- 
bles and is underlaid by sand. 

At West Concord the pit exposes 8 feet of gray drift which extends 
over many acres. The pebbles are not quite as numerous as in the aver- 
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age gray drift, but were responsible for the failure of an attempt to maktrj 
use of the clay. After fine grinding, the clay behaves as follows: ft- 
shows low plasticity, and requires 22 per cent of water for molding. Iti 
air shrinkage is 5 per cent. Burning tests by the Minnesota School of 
Mines Experiment Station gave the following results : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


06 

01 

1 

8 

6 


Salmon 
Red 
Red 
Red 

Brown 


1 
8 
6 

e 


8 
7 



The clay becomes too hard to be scratched with a knife at cone 02 | 
(2030° F.), and is still undeformed at cone 6 (2282** R). It would ' 
seem that fine grinding and burning to a fairly high temperature would 
make it possible to use this clay with satisfactory results. 

Gray laminated clays occur about 2 miles southwest of Hayfield on 
the Great Western Railway, in a deposit which is known to cover many 
acres to a depth of 30 feet. This has been exposed along the banks of the 
creek and most of it is blue and sandy, though weathered yellow near the 
top. There is practically no overburden along the creek, but it increases 
to 15 feet of soil and drift at a short distance away. A few small pebbles 
were observed, but they do not seem to be a serious disadvantage. The 
clay slakes in 4 minutes, shows fairly high plasticity, and requires 19 per 
cent of water for molding. Its shrinkage on drying is 4 per cent and its 
tensile strength is about 150 pounds per square inch even when it is rap- 
idly dried. Burning tests resulted as follows: 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


05 

01 

2 

4 


Salmon 
Salmon 
Brown 
Brown 


1 
2 
6 


16 

18 

6 



The clay becomes hard at about cone 02 (2030° F.) and reaches viscos- 
ity at cone 4 (2210° F.) If market conditions are found favorable, this 
clay should supply material for a brick industry. 



Types of clay, 1. 

2. 



DOUGLAS COUNTY 

Recent. Lake clav 

Pleistocene Gray drift 



At many points attempts have been made to work the gray drift 
to make common brick and, where the limestone pebbles are less 
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.abttndant than usual, some success has attended the effort. At 
Alexandria gray drift is very favorably situated with respect to mar- 
ket and shipping facilities. A sample of the drift taken at the inter- 
section of the Great Northern and the Soo lines was very much like 
the material used at Hutchinson, but a trifle more sandy. This 
should not be a serious defect, since it is possible to discard some of 
the sand in the pit, and the clay vitrifies with the same range as 
that from Hutchinson. North of Alexandria, at the station of Mil- 
tona, a brick yard is in operation on a small scale, using a few feet of 
the leached upper part of a mass of gray drift from which the lime- 
stone pebbles are almost entirely gone. This leaching has apparently 
been effective over an area of several acres and there should be 
enough clay to keep a small plant in operation for several years. The 
air shrinkage of the clay alone is 11 per cent, but a larger proportion 
of sand is added in practice and the shrinkage thereby reduced, al- 
though most of the available sand contains a good deal of lime, and 
an excess is decidedly injurious. 

At the northeast edge of the town of Alexandria, the McKay Brick 
Company for several years made brick from a bog deposit extending 
over 10 acres and known to extend to a depth of more than 5 feet, 
but the bog was so wet that only 5 feet have been used. Very few 
pebbles have been washed into this deposit. The clay is so rich that 
10 or 15 per cent of sand is usually added. This is found at several 
convenient points throughout the neighborhood. The clay slakes 
in 2 minutes and is highly plastic, requiring 22 per cent of water for 
molding. The tensile strength is 175 pounds per square inch and is well 
above 100, even if the clay is dried without special precautions. The air 
shrinkage is 4 per cent. Burning tests gave the following results : 



Cone No. 


r««i«^ Per Cent 
^^^^^ Shrinkage 


Per Cent 
Absorption 


05 

02 

1 

t 

5 


Salmon 

Salmon 

Red 

Red 

Brown 


2 
3 
6 
6 


15 

12 

8 

6 



The clay bums too hard to be scratched with a knife at cone 03 
(1994° F.), and does not reach viscosity at cone 5 (2246° F.). It 
should burn to a very excellent hard vitrified product, though ap- 
parently it has been used only for a good grade of common brick. 
It is unfortunate that a disagreement among the owners caused the 
abandonment of the plant. 

In the northwest corner of the county, laminated clays occur 
along the shores of Pelican Lake, and on the islands in the lake. 
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These may be partly of glacial origin, but as the outlet of the 
is now being eroded and the lake level is being lowered, recent 
posits arc being continuously exposed. Three or four feet of sa 
soil overlies the clay, and some ferruginous concretions are visJ 
in the clay itself. It slakes in 3 minutes and is very highly pla 
requiring 31 per cent of water for molding. The tensile strength is^ 
190 pounds per square inch, though considerably less if the clay is rapi^ 
dried. The drying shrinkage is 7 per cent. It bums to a good buflF cokir, 
and vitrifies at about cone 2 (2138° F.) This should be developed if there 
is any market for clay brick. Similar clay is said to occur on Abbots 
Point, on the south shore of Lake Miltona, not as well situated as that oa 
Pelican Lake. 

FARIBAULT COUNTY 

Types of clay, Pleistocene b) Gray lake and river clays 

a) Gray drift 

Gray drift covers almost the entire county, but is too pebbly at 
most places to be of much economic importance. The fine, plastic, 
laminated clay has been used at Winnebago and Blue Earth for brick 
and tile. The only clay plant in operation in the county is located 
at Winnebago, although Blue Earth City supplies the raw clay which 
is used at the Fairmont plant where it is shipped. 

The deposit at Blue Earth is known to extejid to a depth of 20 feet 
over 10 acres and probably has much greater dimensions both verti- 
cally and areally. It is covered with only 2 or 3 feet of soil, and near 
the top has a layer in which there are many lime pebbles. The clay 
slakes in 2 minutes and is highly plastic, requiring 33 per cent of 
water for molding. Its tensile strength is less than 50 pounds per square 
inch in the average of 4 tests. Its air shrinkage is 8 per cent. Burning 
tests resulted as follows : 






Cone No. 


n^i^r> Percent i Per Cent 
^^^^^ Shrinkage 1 Absorption 


05 

03 

01 

2 


Red 
Red 
Red 
Red 


8 

4 
5 


2S 

18 

16 

1 



The clay bums hard at cone 04 (1958° F.), and is viscous at cone 
2 (2138** F.) This clay is now being used by the Fairmont Drain Tile 
and Brick Company, located at Fairmont in Martin County. The 
capacity of the plant is 25,000 tile per day. The plant was erected at 
a cost of $150,000 with the expectation of making use of a local clay, 
at Fairmont, but this was found to be so full of limestone pebbles as 
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to be useless. The 'whole surrounding country has been prospected 
for a suitable day and only two or three deposits were found available. 
The Blue Earth material is the only Minnesota clay now used, but some 
small amofonts are imported from Mason City, Iowa. Hollow brick and 
tie are being produced. 

At Winnebago, in Faribault County, along the Milwaukee tracks 
west of town, there is a deposit of about 70 acres of clay which 
is bown to extend to a depth of 30 feet. It is covered with only 2 
or 3 feet of soil. Limestone pebbles occur here and there in this 
deposit, especially near the top, but the Winnebago Drain Tile Com- 
pany, which has a good plant making use of the clay, have a process 
of treating the clay with salt to counteract the effects of lime. This 
is said to work very satisfactorily. The details of the process, or the 
particular salt used, the company was not free to make public. 

FILLMORE COUNTY 

Types of clay, 4. Pleistocene Loess 

3. Cretaceous clay 

2. St. Lawrence, Galena, and Maquoketa, not im- 
portant 
1. Decorah shale 

The Decorah shale occurs on terraces at an elevation of from 1,070 
to 1,130 feet along the banks of the Root River and its several 
branches. It constitutes a persistent spring horizon. The distribu- 
tion can be seen on the map, Fig. 12. 

Preston, the county seat, has an abundance of these green shales, 
some of which are favorably situated for development. Chatfield is 
also well supplied with the shale. The average thickness of the 
Decorah shale in Fillmore County is only about 20 feet. A sample 
was taken in Elmira township. In working and burning, this proved 
to be essentially similar to the shale at West St. Paul, though there 
were some indications that rapid drying might be harmful. The 
range of vitrification is over 400° F. (Cone 010 to cone 2.) This 
shale is not used in the county and is recommended as the most val- 
uable material available. 

Although clays thought to be of Cretaceous age are known in 
Fillmore County, they have not yet been developed. • Half a mile 
north of the village of Hamilton, along the road between Fillmore 
and Mower counties, is a clay which seems to be Cretaceous, but 
may possibly have been reworked by glacial action. It is red near 
the surface, but gray and carbonaceous below. Its thickness is nearly 
20 feet, and it is estimated that it extends over 30 acres. The r\oyr 
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slakes at once and is very highly plastic, requiring 45 per cen 
water for molding. Its air shrinkage is 11 per cent. It burns 
red color and becomes hard at a low temperature, not over 175( 
If rapidly heated, the organic matter causes swelling and black c( 
but if fully oxidized it can be heated to cone 2 (2138° F.) witl 
deformation. It should, therefore, be capable of producing good vitr 



12. MAP OF FILLMORE COUNTY. DOTTED AREA UNDERLAID E 



The loess covers the eastern two-thirds of the county, wher 
forms a mantle varying in thickness from 2 to 20 feet over 
Paleozoic formations. Its greatest thickness is seen at the basi 
the slopes along the valley. On the high prairie land, although i 
not so thick, it is much more evenly distributed. Many abando 
yards have used it in the past. Such yards occur at Rushford, Peter 
Whalen, Lanesboro, Fountain, Spring Valley, Carimona, Forestv 
Harmony, and Mabel. . Material for red brick is still available at e 
of these places. 

At Preston is one of the most important of the loess depos 
The section exposed is as follows: 

Loess loam 6 inches 

Yellow loess 10 feet 

Bluish gray loess (to an unknown depth) 5 feet exposed 
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rhc yellow loess is the part of the deposit being used and the blue- 
sy material is reported as being too plastic for use in a sand-mold 
)riA plant. The deposit is very extensive and will furnish mate- 
rial for good common red brick for many years. The plant is located 
ibout a mile north of town. The yellow clay slakes in 1 minute and 
shows a rather low plasticity. It requires 23 per cent of water for mold- 
ing and its air shrinkage is 2j54 per cent. Burning tests resulted as fol- 



lows : 



Cone No. ! Color 

1 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


04 

03 

01 

1 

3 

6 


Salmon 

Red 

Red 

Red 

, Red 

1 Red 


2 
2 
4 

7 
9 


18 

18 

16 

8 

2 



The clay becomes hard at cone 04 (1958** F.), and reaches viscosity 
at cone 4 (2210® F.). The U. S. Bureau of Standards reports it 
tmsuited for auger machine molding; also that it is likely to crack 
in burning. 

A sample of the underlying blue clay showed essentially the same 
properties, and, so far as indicated by laboratory tests, it could prob- 
ably be worked into brick and burned to a satisfactory product. It 
was a little more porous as burned to the low temperature, and re- 
quired a little higher temperature to make it hard. The plant here 
has a capacity of 30,000 brick per day and is steadily operated. 

FREEBORN COUNTY 

Types of clay, 2. Recent Swamp clay 

1. Pleistocene b) Gray lake and river clays 

a) Gray drift 



The glacial drift is too pebbly to be of much value. 

Two clay plants only are worked in Freeborn County : one at Albert 
Lea, and one at Glenville, about 12 miles southeast of Albert Lea. An 
old abandoned plant exists at Conger. The material used at these 
places consists of laminated clays of a blue-gray or yellow color. 
Other deposits of this nature might be discovered at several places in 
this region. 

Within a mile north of Glenville, the Acorn Brick and Tile Com- 
pany have developed a deposit of laminated clay which occupies at 
least 10 acres and is known to be over 10 feet thick. Where exposed, 
the color is yellowish brown from oxidation. The overburden is 
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from 2 to 3 feet. The clay slakes at once, shows fairly high plasticity, 
and requires 30 per cent of water for molding. Its air shrinkage is 
nearly 8 per cent, and its tensile strength is very low, not over 25 
pounds per square inch in the briquettes made. From the appearance of 
these briquettes, it is evident that flaws may develop upon drying, even 
when great care is used. The clay burns red and has a fair range 
of vitrification, reaching viscosity at cone 3 (2174** F.) The plant 
produces both red brick and drain tile, which are said to be of fair 
quality, though the plant was not operating at the time it was visited. 

Two and a half miles southeast of Conger, in this county, is a 
deposit of 30 feet of laminated clay extending over nearly 100 acres, 
with the usual section beginning with 3 feet of black soil, and fol- 
lowed by 8 or 10 feet of yellowish clay, below which is the blue or 
gray clay. At the base of this section a gravelly bed occurs. In 
1904, a company was organized to work this deposit, but shipping 
facilities were inadequate and the work ceased in about 4 years. Both 
the gray and the blue clay were used as dug from the pit, with the 
addition of some sand which had to be hauled from a distance. No 
tests were made to determine whether the blue and gray clays were 
similar. 

The Albert Lea Brick and Tile Company have erected a plant jtist 
outside the city limits north of the town of Albert Lea, where there 
is a large hill of perhaps 25 acres, in which the formations are ar- 
ranged as follows : an overburden of 2 or 3 feet of soil, 16 feet of 
yellow clay, 26 feet of blue clay. The clay is laminated and shows the 
usual irregularity of clays of this type. The blue clay is more plastic 
than the yellow, and slakes rather more promptly, but both are excellent 
in these respects. The blue clay shows a rather lower tensile strength, 
about 60 pounds per square inch, which is greatly injured on rapid 
drying, as the manufacturers have discovered at considerable cost. The 
yellow clay is much more satisfactory, having a tensile strength of 
over 100 pounds even when rapidly dried. A test for the adhesive 
properties of two wet pieces of clay after being pressed together 
and dried shows that it is not very great and there is an indication 
that the auger laminations would be serious. This also has been the 
experience of the company, and they have sought to use about 25 per 
cent of non-plastic material, such as cinders, burnt clay, or sand, to 
overcome this lamination. The drying shrinkage of the blue clay 
is 6 per cent and of the yellow, 3 per cent. Burning tests at the 
Minnesota School of Mines Experiment Station are as follows: 
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The Blue Clay 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


06 

02 

2 


Salmon 
Salmon 
Yellowish green 


2 
4 


30 
26 


The Yellow Clay 


05 

08 

1 

2 


Salmon 
Buff 
Buff 
Greenish yellow 


1 
1 

1 


37 
36 
36 



The clay bums to a fairly satisfactory product at these lower temper- 
atares, but does not become very hard until nearly at the tempera- 
ture of viscosity. The range of vitrification is approximately from 
cone 1 to cone 2. Tests of a mixture of the blue and yellow clays 
gave results similar to those obtained when the clays were burned 
separately. 

The U. S. Bureau of Standards report* the following : An extremely 
fine-grained clay from Albert Lea, Minnesota, of considerable plasticity, 
but troublesome to dry. The specific gravity of the powdered dry clay is 
2.58. Linear shrinkage in per cent of the wet length is 9.79. Mechanical 
analysis by elutriation gave : 

Coarser than 120-mesh 0.24 

Average .577 mm. diameter 0.21 

Average .0354 mm. diameter 1.04 

Average .0167 mm. diameter 0.96 

Average .005 mm. diameter (and less) 97.31 

The viscosity of the clay suspension was determined (water=l) 
to range from LI when containing 7.5 per cent by weight of clay to 
221 when containing 43 per cent by weight of clay, but the curve 
was not very straight. When the clay was heated to a temperature 
of 200* to 400** C, and cooled and worked up to the plastic state, 
it required less water than before to bring it to good moldini^: con- 
sistency. The change was greatest (43 to 36) between 200° and 250°. 
After a treatment of this sort the volume shrinkage is much less 
than before and rapid drying causes no injury. The improvement 
m this clay at 350° is remarkable. Ninety-five per cent of the bricks 
were cracked before heating; none after. A proposed test^ for plasticity 
using the absorption of a colored dye indicates a much great plasticity 
than in the others tested in this same study. 

liBlelninerer, A. V., Preheating clays : U. S. Bureau of Standards. Bull., Vol. 7, No. 2. 
'Ashley, H. E., Colloid matter In clays: U. S. Geol. Survey, Bull. No. 388. 
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The following analysis was made by Mr. G. W. Walker, of the 
University of Minnesota, for Mr. M. R. Rusfeldt of the oxnpany. 

Analysis of Gray Laminated Clay from Albert Lea 

Silica 54.90 i 

Alumina 13.94 j 

Iron oxide 5.16 j 

Lime 7.36 > 

Magnesia 3.28 \ 

Potash 1.88 

Soda 2.13 

Titanium 0.84 

Loss on ignition 12.54 

102.(» 
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The bricks made of the gray laminated clay of Freeborn G)unty 
have been tested by the Experimental Engineering Department of fbe i 
University. The sti£F-mud bricks had a crushing strength of 2463 pounds ] 
per square inch. The absorption was 25.8 per cent. 

A deposit consisting of an extremely fine-grained silty clay, which 
is possibly in the nature of fullers' earth, occurs in a swamp in Sees. 
11, 12, 13, and 14, T. 103 N., R. 20 W. The material could probably ' 
be used for common brick or drain tile. The following analyses are 
available, the first two of which were made by Mr. A. D. Meeds, and 
the last two by Dr. G. B. Frankforter, both of Minneapolis. 

Analyses of Freeborn County Swamp Clay j 

Silica 55.52 57.60 59.37 57.62 j 

Alumina 13.55 14.19 11.82 14.35 ] 

Iron oxides 3.99 2.89 6.27 2.50 ' 

Lime 8.00 7.00 6.17 &11 

Magnesia 3.16 3.51 2.09 2.98 

The remaining 15 per cent is largely water and carbon dioxide, 
with traces of phosphoric acid, chlorine, and the alkali metals. Water 
constitutes nearly 13 per cent. 

GOODHUE COUNTY 

Types of clay, 4. Recent Alluvium 

3. Pleistocene b) Loess 

a) Gray drift 
2. Cretaceous clay 
1. Decorah shale 



GOODHUE COUNTY 



ne Ojunty is noted for its good clays and its clay-working 
The most important sources of clay are the Cretaceous. 



FIGUXC 13, HAP at GOODHUB COUNTY. DOrren ASEA UNDERLAID 

THE BAtLBOAD SPUBS BUN TO THE CRETACEOUS CLAVS. 

THE DECORAH SHALE 

This has been carefully studied and mapped as shown in Figure 
13. The geologic section and the physical character of the clay are 
almost identical with those at West St. Paul, Dakota County. The 
clay is being used at Zumbrota and Wanamingo, and a company is 
being organized to develop the shale at Cannon Falls. At Wana- 
mingo the following geologic section was exposed: 
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Surface loam and loess 4 feet 

Green shale 4 feet 

Limestone 10 inches 

Limey green shale 3 feet 

Platteville limestone 14 feet 

Hard limey shale 2 feet 

Shale 3 feet 

St. Peter sandstone 

At the Wanamingo plant the shale seems to require a few degrees 
higher temperature for vitrification. The clay at Wanamingo was 
tested by the U. S. Bureau of Standards and was found to be very similar 
to other Decorah samples, except that it had a somewhat greater tendency 
to crack in drying and form black cores in burning. The decrease in 
porosity with rise in temperature was slow, steady, and favorable to 
the production of vitrified brick. Although the deposit is relatively 
thin, the plant has a capacity of 120,000 brick per day. The plant 
is recently built, and the prospects are that it will be eminently suc- 
cessful. 

In Minneola Township, the Zumbrota Clay Manufacturing Com- 
pany is operating a plant using a rather massive bed of the shale 
some 15 feet thick, with slight variations in different parts. The 
clay was tested by the U. S. Bureau of Standards, which reports a uni- 
form vitrification with increase of temperature, but the best tempera- 
ture of burning is rather lower than for most good clays. The plant 
has a capacity of about 50,000 brick per day, but makes drain tile and 
hollow brick in addition to common brick. 

Tests made by the Minneapolis Building Inspector of the hollow 
building blocks with two holes lengthwise, are as follows: The 
average of six blocks tested on the side and on the edge was 330 
pounds per square inch, and one block tested on end gave 5,100 
pounds per square inch. 

At Cannon Falls the character of the clay as to behavior in the fire is 
almost identical with that at West St. Paul. The exposures in all of these 
localities extend from the St. Peter sandstone upward some 40 feet above 
the Platteville limestone, after which a mantle of glacial drift of varying 
thickness is found. 

CRETACEOUS CLAYS 

The stoneware and sewer pipe factories at Red Wing have be- 
come justly famous from their high-grade products and derive their 
most excellent clays from two occurrences a few miles south along 
the Great Western Railroad. The best known of these is at Clay 
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, about 13 miles south of Red Wing. According to F. W. 
son^ this clay illustrates a remarkable case of transportation 
acial ice of a large mass of bed-rock formations. The clay 
ened in the pits is underlaid with gravelly drift and the stratifi- 
1 is greatly disturbed, crumpled, and irregular. (See Plate III, 
The usable clays are separated by layers of sand and sandy 
, and careful sorting has to be done during the process of min- 
For a long time several grades were shipped from the pit, some 
hich was used for sewer pipe and the rest for stoneware, but, 
le material has been found to be very limited, a plant for wash- 
the lower grade, darker colored clay has been installed to make 
; for the higher priced stoneware. The complexity of the deposits 
re locally exposed is indicated in the following section : 

Surface drift 1 to 3 feet 

Gray clay 4 feet 

Sand 1 foot 

Clay 12 to 14 inches 

Sand 8 inches 

Gray clay 6 feet 

Sand 10 inches 

Qay 1 foot 

Sand 2 feet 

Qay 14 feet 

Sand 1 foot 

Qay 1 foot 

White sand-bottom 10 feet+ 

PROPERTIES 

The average clay slakes in 3 minutes, has a fairly high plasticity 
i requires 34 per cent of water for molding. It has a tensile 
mgth of about 100 pounds per square inch, whether dried rapidly or 
. The shrinkage on drying is about 6 per cent. As burned by the U. 
Bureau of Standards, the clay has the following properties: The 
^r ranges from buff to gray during burning. The clay becomes 
d at about cone 010 (1742° F.), and softens at about cone 
(2786* F.). This is a remarkable range, but the porosity at no 
e was found to fall below 6 per cent in the best grade of clay, 
e temperature recommended for burning is about cone 5 (2246** F.). 
e second grade of clay from the same pit, which is usually washed 

^Sardeson, F. W., The so-called Cretaceous of southeastern Minnesota : Jour. Geol., 
. •. p. 679. 
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before using in the stoneware plant, behaves very much the same; 
but without washing, it burns to a lower porosity and has nearly an 
equal range of vitrification. The third grade of clay, used only for 
sewer pipe, is much like the latter. As burned at the University the 
clay is found to become hard at cone 010 (1742** F.), and reaches 
viscosity at about cone 10 (2426® F.). It is cream-colored or buff at 
higher temperatures. Analyses are reported in Table II, page 45. 

At Belvedere, half a mile east of Belle Chester, a new deposit of 
Cretaceous clay recently has been developed, and its success may 
be taken as an indication that still other deposits of such excellent 
clay may yet be brought to light. This deposit was discovered by 
careful prospecting and observation of fragments in the drift followed 
by careful drilling before any excavation was undertaken. It will 
average 10 feet in thickness, ranging from 1 to 25 feet over an area 
of 40 acres. Its appearance is similar to that at Clay Bank and its 
origin is assumed to be the same. The deposit is capped by 3 to 6 
inches of ferruginous sandstone, and below it is a similar sand rock 
apparently of Cretaceous age, though its crumpled condition would 
indicate transportation by glacial ice. This is the deposit now used 
by the Red Wing Sewer Pipe Company, though a part of it is of 
sufficiently high grade to be selected for the stoneware factory. The 
Red Wing Sewer Pipe Company has two plants at Red Wing and 
one at Hopkins, near Minneapolis. (See Plate VII.) In addition to 
the production of sewer pipe they manufacture a few vitrified drain 
tile and other specialties. Their capacity is 35,000 car loads per year. 

Tests by the U. S. Bureau of Standards are as follows: The best 
clay at Belle Chester is satisfactory in plasticity and molding properties 
and requires 21 per cent of water for molding. It shrinks 7 per cent on 
drying and does not crack. The color of the burned clay is buff at low 
temperatures and gray at higher ones. The porosity decreased from 29 
per cent at cone 010 to 20 per cent at cone 02 and 10 per cent at cone 5. 
It softens at cone 20, and is therefore not highly refractory. 

Second-grade material from the same pit as tested by the Bureau 
of Standards showed much the same behavior, but softened at cone 
18 and, when burned at medium temperatures, showed a green efflo- 
rescence. 

While these two localities are the only ones of commercial value 
now known, traces of the clay are seen at numerous places in the 
drift in the form of fragments, streaks, pockets, and thin lenses. 
"Ironstone" fragments similar to the ferruginous shale layers associ- 
ated with the clays at Clay Bank and Belle Chester, are also fre- 
quently found in the drift. These indications of clay seem to be most 



GOODHUE COUNTY 109 

numerous north-westward from the deposits now being worked. 
There are strong possibilities that systematic prospecting with drills 
or augers will result in the discovery of other isolated areas of 
Cretaceous clay in the eastern part of the county. 

RED WING STONEWARE TECHNOLOGY 

The clay is mined by hand digging in benches and vertical sided 
rectangular pits. It is loaded directly on to the cars for shipment 
to Red Wing, or to Minneapolis. The factory at Red Wing has pro- 
duced stonew^are since 1872. This plant now uses 75 tons of clay 
per day. Clays for glazing are obtained from the southern states, 
but it is possible some suitable slip clay may be found in this State. 

Clay from the pit is shipped by rail to the plant where it is un- 
loaded into bins. Several grades of clay are recognized, some of 
which are so pure as to require no preliminary treatment, but the bulk 
of the clay for the manufacture of stoneware is first subjected to a 
washing process to remove sand and other impurities. This clay 
is all reduced to a slush in blunger mills and passed through rotary 
sieves or lawns (80-mesh) and then run into large settling vats or 
cisterns. Live steam is used in the blunger mills and throughout 
the washing process, and the slush is kept almost to the boiling 
point to facilitate the washing and pressing. The coarser sand and 
impurities are removed in the rotary sieves or sifters. The slush is 
then pumped into large filter presses where the water is strained 
out and the clay is pressed into the form of cakes weighing about 
40 pounds each. The filter cakes go to the mill room and are 
tempered in pug mills. The clay is then loaded on small trucks and 
distributed around to the various benches in the plant ready for the 
skilled workmen to mold. The molded pieces go to tunnel dryers 
where they are kept for 36 hours, and the moisture removed. When 
the ware comes from the dryer, it is finished and glazed and is then 
ready for the kilns. The ware is burned at a temperature of about 
2200" F., and the heat is maintained from 45 to 60 hours, depending 
upon the product desired. It requires nine days from the first process of 
preparation until the product is finished. 

The quality of the ware made at Red Wing is excellent. As com- 
pared with the stoneware and sewer pipe produced in other localities, 
it is found that the temperature of fusion is rather lower than the 
average, but the range of vitrification (over 700°) is so great that the 
product is not at all to be condemned on account of the low tempera- 
ture of burning. Its vitrification and strength may be fully equal 
to that burned at higher temperatures. 
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OTHER CLAYS 

A deposit of gray drift has been explored by the Red Wing Sewer 
Pipe Company near the village of Goodhue in Sec. 10, in the hope 
that it will be available as a plastic bond for mixing with the Creta- 
ceous sewer-pipe clay. The deposit is 20 feet thick and covers 80 acres. 
It is dark brown to yellowish in color and is covered with 4 feet of 
sand and soil. Although it is to be classified as glacial drift, it is 
remarkably free from pebbles, and may be composed of debris from 
Cretaceous deposits over which the ice passed. The clay slakes in 
1 minute, is very highly plastic, and requires 26 per cent of water 
for molding. The tensile strength is well above 50 pounds per square 
inch, but the brick is considerably weakened by rapid drying. It would 
have a good effect in increasing the strength of a non-plastic sewer-pipe 
clay. Its air shrinkage is 9 per cent. Burning tests are as follows: 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


07 

05 

1 

2 

5 


Red 
Red 
Red 
Red 
Red 


3 
4 

7 
8 


8 
10 

4 

"ii** 



The clay burns hard at cone 07 (1850** F.), and becomes viscous 
at about cone 8 (2354** F.). Having thus a range of vitrification of 
500 degrees, it may be safely used for vitrified ware, such as sewer 
pipe, for which it is recommended. Some preliminary experiments by 
the Sewer Pipe Company have resulted rather unfavorably. Possibly 
the mixture of the two clays may not behave as well as would be in- 
dicated by either one alone, but the U. S. Bureau of Standards reports 
very favorably on a mixture of ^ Cretaceous sandy clay and Ys this clay. 



Cone No. 


Color 


Porosity 


Oil 

05 

02 

2 


Pink 

Buff 

Buff 

Gray 


24 

17 
15 
10 



The mixture would be better for making sewer pipe than either clay 
alone. 

At the town of Pine Island the loess is exposed to a depth of 5 or 
10 feet over a very large territory. The deposit was worked up to 
about 6 years ago, and produced a fair quality of red brick, but there 
is not much local demand for the product. 

Two miles from Vasa is a sandy alluvial clay along Belle Creek, 
rather favorably exposed, but apparently too sandy to make a good 
grade of brick. A few kilns were burned about 50 years ago, and 
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the brick seem to liave stood the test of service, but the sample taken 
was so sandy and weak that it could hardly have been possible to 
pile the brick into a kiln. This mjiy not have been representative 
material. 

At Frontenac, also in this county, John Bartron has a deposit of 
alluvium along Wells Creek a considerable distance from the railroad. 
It is known to be over 4 feet thick. An analysis made for Mr. Bar- 
tron by F. F. Grout, is as follows : 

Analysis of Clay at Frontenac 

Silica 63.32 

Alumina 12.68 

Iron oxides 2.66 

Lime 5.08 

Magnesia 3.94 

Moisture 1.83 

Ignition 8.47 

Alkalies, etc., by diflFerence 3.02 

Sand-lime brick are manufactured at Red Wing. The lime is 
shipped in from Iowa and -the sand is taken from a hill of modified glacial 
drift near the factory. 

GRANT COUNTiT 

Types of clay, 2. Recent Lake clays 

1. Pleistocene Gray drift 

Gray drift covers most of the county and an attempt made to use 
it at Elbow Lake was not very successful. Along the shores of Peli- 
can Lake are clays of another type which may be worthy of develop- 
ment. 

HENNEPIN COUNTY 

Types of clay, 3. Recent Alluvium 

2. Pleistocene b) Lake and river clays 

a) Red and gray drift 

1. Decorah shale 

At Minneapolis the glacial river clays have been developed on the 
north side of the city, for cream brick, pottery, and fire-proofing, for 
which there is still an abundant supply, but the value of city property 
tends to crowd brick works northward into Anoka County. Detailed 
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discussion of the clay is given with those of Anoka County. The 
pebbly gray drift of the county, and recent alluvium along the Missis- 
sippi River, cannot well be used in competition with this deposit 
The red drift is in most places deeply buried. Swamp clay was used | 
at Hanover and gray drift was once used at Rogers, but the opera- 
tions were not successful. The Decorah shale is mostly eroded, partly 
buried, and occurs in property more valuable for city lots than for 
development of clay. The excellent qualities of the glacial clay'|y|0^ 
are shown by large industries developed here and in Anoka CcMliil^ 
just to the north. 

Mention should be made of the sand-lime brick factories at Miane- 
apolis. 

HOUSTON COUNTY 

Types of clay, 3. Pleistocene loess 

2. Decorah shale 
1. St. Lawrence formation 

The shales of the St. Lawrence formation outcrop in many bluffs, but 
have no value at the present time. 

The Decorah shale occurs in the extreme southwestern comer of 
the county. It can best be developed in the vicinity of Spring 
Grove where good outcrops were seen, but proved to be rather thin. 
A mantle of loess covers most of the county. 

There were no brick yards in operation in the county in 1912, 
but old plants were located in former years at nearly every town 
in the county, — Money Creek, Spring Grove, La Crescent, Houston^ 
and at other localities. Common red brick can be made from the 
loess at nearly any locality in the county. 

HUBBARD COUNTY 

Types of clay, 2. Recent Lake 

1. Pleistocene Gray 

Near Akeley, a mile and a half from the Great Northern Railroad, 
a plant has been operating on a deposit evidently formed in the bed 
of a lake which may be at least partially of glacial age. The deposit 
is known over an area of 80 acres and at places is 40 feet thick. The 
upper half of the deposit is yellow and the lower half blue-gray, but 
both parts bum to cream-colored brick except a few inches at the 
top from which the lime has been leached. At the plant the produc- 
tion is about 200,000 stiff-mud cream-colored brick per year. 
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Gray drift was used a few miles from Park Rapids, but the plant 

not been active since 1894. The clay is said to be fairly free from 

estone, and work was stopped because the market was small and 

funds were not sufficient to tide the company over ill times. 

ISANTI COUNTY 

)es of clay, Pleistocene b) Gray lake and river clay 

a) Gray drift 

\t Cambridge and elsewhere along the Rum River, gray laminated 
was used for many years, beginning in 1881. The clay is now 
)sed for 20 feet, but is overlaid in the bluff with about 25 feet of 
1. It could be profitably worked for only a small area where 
Dverlying sand has been at least partially eroded. The clay slakes 
ice and shows fairly high plasticity, requiring 29 per cent of water 
molding, and shrinking 7 per cent on drying. The clay becomes 
at cone 04 (1958° F.), at which temperature it is salmon-colored, 
vs a shrinkage of 2 per cent and an absorption of 23 per cent. It 
hes viscosity at cone 2 (2138* F.). A local plant manufactured 
ion brick from this laminated clay, but the work has been aban- 
;d. A high proportion of sand was used in tempering, and was 
ined from the overlying bed. The addition of 50 per cent of this 
1 raised the temperature of vitrification slightly, but did not 
ige the general character of the product. 

3ne or two attempts were made to use the gray drift, but they met 
usual difficulty. 

ITASCA COUNTY 

es of clay, 4. Recent Lake clays 

3. Pleistocene c) Lake and river clays 

b) Gray drift 

a) Red drift 
2. Cretaceous 
1. Huronian Paint rock, etc. 

^0 clays were worked in this county up to 1900. Since then the 
dopment and activity on the iron ranges have led to the use of 
e clays in the southern part of the county — the glacial lake or 
r clays at Verna and Grand Rapids. The deposit near Verna is the 
e promising. The Verna Brick Company has opened a deposit of lami- 
5d clay near the station of Warba on the Great Northern Railroad. 
J deposit which is considered available is about 10 feet thick, and 
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extends over about 10 acres. It is yellow in color, and apparently has 
been leached. Underlying it and extending over a great many acres of 
the surrounding country is a blue laminated clay with a few limestone 
pebbles, which in some well records is reported to be more than 60 feet 
thick. The yellow clay burns to a cream-colored product, while the blue 
clay is said to burn red and show a much greater shrinkage. Any 
attempt to mix the blue and yellow clays meets the usual difficulty 
in mixing a stiff, plastic clay with a lean, more sandy one. The 
plastic lumps remain suspended in the more fluid mass and a great 
amount of pugging or some other form of mixing is necessary, if one 
would avoid a defective structure resulting from auger laminations. 
The yellow clay which is being used slakes at once, and shows very 
low plasticity, requiring 23 per cent of water for molding. The air 
shrinkage is 3 per cent and the tensile strength is well above 100 
pounds per square inch even after rapid drying. Burning tests gave the 
following : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


08 

01 

. 8 


Buff 
Buff 
Greenish buff 


1 
4 


SO 
2S 



The clay becomes hard at cone 02 (2030° F.) and reaches viscosity 
at cone 3 (2174** F.). The plant which is operating at this point has 
a capacity of 35,000 brick per day and makes a common brick of 
cream color. Wood is the most available fuel. 

At Grand Rapids bricks were burned from a very sandy laminated 
clay, which was discovered along the banks of the stream at the north- 
east edge of town. This clay is yellow in color, and seems to be very 
sandy when dry. It slakes in 1 minute, and its plasticity is very low. 
It requires 21 per cent of water for molding and has a shrinkage of 
3 per cent on drying. The tensile strength is over 130 pounds per 
square inch, but the adhesion test indicates that it would not work 
well in the au.2:er machine. Burning tests gave the following results: 



Cone No. 


nr^^f^r' ^^^ Cent Per Cent 
^°*°^ Shrinkage Absorption 


05 

08 

1 

8 


Red 
Brown 
Brown 
Brown 


1 
4 
5 


21 
18 

10 



The clay burns too hard to be scratched by a knife at cone 02 (2030° F.), 
and becomes viscous at cone 5 (2246° F.). In two attempts at brick 
making soft-mud machines were used and in another, a stiff -mud machine. 



116 CLAYS AND SHALES OP MINNESOTA 

plasticity, requiring 28 per cent of water for molding. Its air shrink- 
age is 7 per cent and it checks considerably even when carefully dried, 
so that its tensile strength is usually less than 50 pounds per square inch. 
Burning tests are as follows : 



Cone No. 


Color J?®!" ^^^* ^^^ Cent 
^"^ Shrlnkaco Absorption 


06 

04 

01 

1 

s 


Salmon 

Salmon 

Red 

Red 

Red 




17 
16 

S 
S 

s 



The clay becomes hard at cone 05 (1922^ F.)» and reaches viscosity at 
cone 2 (2138^ F.). 

At Coleraine, the paint rock of the iron-ore formation is especially 
troublesome in the mines and is over 20 feet thick. It is all moved 
in getting the ore and, if a little care were used to keep it free from 
ore and the sandier layers of taconite, it is capable of being used for 
red brick, though not safely for a hard vitrified product. 

At Pengilly, a particularly sandy phase of modified drift occurs 
over a large area and a sand-lime brick plant just erected has every 
chance of being successful if the necessary precautions are used to 
keep the product up to the high grade possible. 

JACKSON COUNTY 

Types of clay, 2. Recent b) Lake clay 

a) Alluvium 
1. Pleistocene Gray drift 

Brick and tile are manufactured from gray drift at the town of 
Jackson where a yellow clay with very little limestone or other im- 
purities extends over 14 acres and has a depth of 15 feet. The deposit 
is close to the Milwaukee Railroad and conditions seem to be favorable 
for the development of a considerable industry. This is the plant 
which has developed the dry process of separation of limestone from 
the clay. The pit is carefully kept dry, and the clay is plowed over 
a considerable surface and gathered up only after the wind and sun 
have dried it pretty thoroughly. It is then transferred to sheds for 
further drying, with protection from rain. The crushing is done in 
a modified dry pan from which an elevator carries the clay to a screen. 
The limited space in the shed room greatly limits the capacity. 

At Okabena, a similar deposit has been explored and two small plants 
for making hand-molded brick were built to make use of it. This clay 
has the common qualities and defects of the gray drift. 
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At Jackson, along^ the flood plain of the river, there is a deposit of clay 
of about 20 acres in extent, known to be 5 feet thick. It was de- 
vdopcd about six years ago, and the product was used in several build- 
ings in Jackson. Its working and burning properties seem to be ex- 
cellent, but there are a few limestone pebbles which have caused 
difficulties- Blue clay is said to lie below it. 

At Heron Lake, along a gentle slope on the northwest shore of the 
lake, there is a yellovr laminated clay, probably partly of glacial origin, 
but also in part post-glacial. The deposit covers about 100 acres 
and has a thickness of 12 feet. The laminae are of variable thickness 
and many of the vertical joints are stained with iron. Except along 
the lake, the deposit is surrounded by pebbly gray drift. 

A. V. Bleininger^ reports the following tests : A glacial calcareous 
day from Heron Lake possesses good plasticity and working properties, 
though it is somewhat too fine-grained for drying when made into larger 
pieces. 

Specific gravity powdered dry clay = 2.654. 
Linear shrinkage in per cent wet length = 7.72. 
Mechanical analysis by elutriation gave : 

Raw clay After heating 
to 800O 

Coarser than 120-meBh 1.72 9.51 

Average .577 mm. In diameter 0.98 3.29 

Average .0354 nmi. in diameter 8.03 6.57 

Average .0167 mm. in diameter 9.03 4.44 

Average .006 mm. in diameter 80.24 77.17 

After a heat treatment of from 250* to 400** C, the plasticity is 
found to be lower, and the air shrinkage is greatly decreased. The 
decrease is greater, the higher the temperature of preheating. 

Our sample evidently was not improved by preheating, for the 
raw clay showed no more cracking than the preheated clay, and was 
as good as the other clays studied after preheating. The effect of 
preheating on fineness of grain explains some of the variation found 
in plasticity and shrinkage. 

An enterprising company operating at Heron Lake produce hollow 
brick and tile. They have been at work since 1890, and make use of 
a number of down-draft kilns with a capacity of about 80,000 brick per 
day. The product is cream-colored if burned hard, but salmon at 
lower temperatures. They find that the deposit is best suited for the man- 
ufacture of hollow brick and tile. The fusion is so sudden that the 
products are seldom vitrified. 

^Bleinlnser, A. V., Preheating clays : U. S. Bureau of Standards, Vol. 7, No. 2. 
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KANABEC COUNTY 

Types of clay, 2. Pleistocene b) Gray lake and river days 

a) Red drift 
1. Algonkian (?)... .Red dastic series 

At Mora, an attempt was made to use the shale of the red clastic 
series for terra cotta. Wells show a considerable extent of the 
shale bdow the drift, but it is rardy over 10 feet thick. It is exposed 
in Sec. 1, T. 39 N., R. 24 W. for about 100 yards along the river where 
it is about 3 feet thidc. The day slakes in 2 minutes, and is veiy 
plastic, requiring 22 per cent of water for molding. Its air shrinkage 
is 5 per cent. Burning tests are as follows: 



PerOent 



ConeNa 



Oololr 



Percent 
Abeorption 



06 
2 

5 
12 



Red 
Red 
Red 




2 
2 



17 
14 

• ••••* 

Melted 



It becomes hard at cone 06 (1886^ F.) and was undeformed at cone 5 
(2246^ F.). The range of vitrificatkxi is over 360*^ F. 

An attempt was made to use the ferruginous shaley sandstone 
near by, but, as now exposed, it contains very little clay and it does 
not bond at all. 

Yellow laminated clays outcrop in the bank of the river at the 
northwest side of the town of Mora. The deposit apparently extends 
over many acres and was sampled to a depth of 6 feet with an auger 
which did not reach the bottom. It appears to have rather numerous 
concretions of a limey nature, and the working qualities of the sample 
are not good. Its shrinkage on drying was over 13 per cent, and 
upon burning it checked and showed still further shrinkage. It can 
hardly be recommended for any purpose. 

At several other points in Kanabec County, attempts have been made 
to manufacture brick from glacial clays some of which are the laminated 
lake clays. One plant was installed east of Rice Creek on the road from 
Brunswick to Grasston. The clay includes some sandy layers as much as 
6 inches thick. It slakes at once, and is fairly plastic. It has an air shrink- 
age of 8 per cent, becomes hard at cone 05 (1922** F.), and reaches viscos- 
ity at cone 2 (2138® F.). If this deposit was favorably situated as to the 
market, it might be profitably' worked. 

KANDIYOHI COUNTY 

Types of clay, Pleistocene b) Gray lake clay 

a) Gray drift 
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The laminated clays will form the chief clay resources of Kandiyohi 
ounty, though gray drift is abundant. A little over a mile west of 
/illmar, along the Great Northern Railroad, is a deposit of lami- 
ated clay knowrn to extend over about 25 acres. It consists of yellow 
cidized material for 15 feet, under which is at least as much blue 
ay. In the yellow clay are a few limestone pebbles or concretions. 
he blue clay is as usual more plastic than the yellow and shows 
eater shrinkage when used alone. Both the yellow and the blue 
vj will bum to a cream color at high temperatures, but are salmon- 
lored if under-burned. The Willmar Brick Company has been at work 
ire for 20 years, making about 2 million stiff-mud cream brick each 
:ar. On the northwest side of Nest Lake another plant made use 

a similar clay. 

The county contains many lakes and marshes and many of these 
lay be underlaid by alluvial days. 

KITTSON COUNTY 

This county is no doubt supplied with such clay as is used at 
irand Forks and at Winnipeg — the silts of the Red River Valley. 
Veils report it 136 feet deep and it is no doubt usable to as great a 
epth as at Grand Forks. 

KOOCHICHING COUNTY 

?ypes of clay, 2. Recent Alluvium 

1. Pleistocene c) Silts of Red River Valley 

b) Gray drift 
a) Gray lake clay 

In the neighborhood of International Falls, the level character of 
he country is probably due to the erosive action of the waves of the 
glacial Lake Agassiz. Much of the surface consists of a sticky clay 
rhich has been reported to a depth of 40 feet. ^ The upper portion 
s leached and relatively free from pebbles, but at a depth of 6 feet, 
imestone pebbles become rather numerous. The clay slakes in 2 
ninutes and shows a very high plasticity, requiring 29 per cent of 
rater for molding. The air shrinkage is 9 per cent, and there is 
)robably a considerable tendency to crack on drying, even if this is 
lone slowly and with care, for the tensile strength is below SO 
)ounds. Burning tests gave results similar to those which character- 
ze the gray drift, and it would seem that some method must be ap- 
plied to remove the coarser gravel before the clay can be safely used. 
The proportion of such gravel, however, is very much less than in 
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the common gray drift so successfully used at Hutchinson, but it is 
doubtful if that process will apply with equal success to the clay near 
International Falls. The success of the Hutchinson process depends, 
not only upon the removal of limestone, but upon the quality and the 
mixing of the materials that remain. The gray drift contains ap- 
proximately 30 per cent of sand which would be caught in a 100- 
mesh sieve, but this clay in the Lake Ag^ssiz basin shows only about 
3 per cent of sand. Deposits of sand are not abundant anywhere in 
the neighborhood, and it is suggested that those who wish to make 
use of this clay should experiment with a grinding process rather 
than with the washing process recommended for pebbly clays else- 
where. 

International Falls and the towns near by are developing so rapidly 
that special efforts should be made to find good clay. One promising 
sample was sent to the University several years ago from a point 
5 miles east of Ranier, in Sees. 34 and 35, T. 71 N., R. 23 W. The 
sample made excellent bricks and is said to represent a body of clay 
9 feet thick and 40 acres in extent. 

At Big Falls, southwest of International Falls, the Big Fork River 
has cut an extensive gorge below the falls which give the town its 
name. The bluffs for most of the distance reveal a very pebbly blue 
clay weathered yellow near the surface. A little below the mouth , 
of Sturgeon River, however, on the farm of Mr. Ben. Lind, is an out- 
crop of different material. It may be one which was mapped by 
U. S. Grant* as a Cretaceous deposit. The section is as follows: 

Soil 1 foot 

Common pebbly clay of the Lake Agassiz basin. .10 feet 

Plastic yellowish gray clay 10 feet 

Very fine sandy clay 30 feet 

This material outcrops for several hundred yards along the bluff and 
therefore represents a large deposit, though it is somewhat inaccessible 
in the present state of development of the country. The clay slakes 
at once, shows a medium plasticity, and requires 28 per cent of water 
for molding. Its tensile strength is over 150 pounds per square inch, even 
when it is rapidly dried, and its air shrinkage is 3.5 per cent. The clay 
burns to a buff-colored brick with a range of vitrification of about 100° F. 
and reaches viscosity at cone 4 (2210*' P.). A sample of the rich clay 
without the underlying sandy clay showed similar properties, but 
vitrified at slightly lower temperature. 

iGrant. U. S., Final Rep. Minnesota Geol. and Nat Hist Survey, Vol. 4. p. 183. 
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In this county several other patches of shale are noted by U. S. Grant.^ 

These have now^ been visited and sampled to determine their quality. 

At present they are somewhat inaccessible. In Sec. 1, T. 64 N., 

R. 24 W., in the southwest bank of Little Fork River between two 

creeks which join the river from the south, are a series of small 

landslides. The banks of the river have slipped down to the water's 

edge, exposing a nearly white, smooth clay. This was sampled 

for a thickness of IS feet. It could be traced continuously for 

several hundred paces, and is exposed here and there for several 

miles. The clay is slightly laminated with alternating layers of white 

and a light blue gray and has no visible impurities. It slakes in 1 

minute, has a fairly high plasticity, and requires 23 per cent of water 

for molding. Its tensile strength is over 150 pounds per square inch 

and it is equally strong if rapidly dried. Its shrinkage on drying is 

less than 4 per cent. Burning tests by the Minnesota School of 

Mines Experiment Station are as follows : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


06 

OS 

01 

2 

6 


Buff 

'Buff* 
Buff 
Buff 



2 
3 
3 


23 
20 
20 
20 



The clay becomes hard at cone 03 (1994** F.) and is just reaching 
viscosity at cone 5 (2246* F.). A few miles down the river in Sec. 
15, T. 65 N., R. 24 W., just below Seller's Rapids, similar clay out- 
crops near water level and was sampled at a point where the river 
water had washed over it recently. The physical properties of the 
clay were very much the same as those of the sample just described, 
except that the air shrinkage was 8 per cent and the color was red 
at low temperatures and brown above cone 2. Vitrification occurred 
at slightly lower temperature, from cone 06 to cone 3, a range of 
about 300* F. These are the best clays in the county. 

At Big Falls, a small creek bed passing the west edge of town 
has cut into irregular layers of sand and clay which overlie the usual 
pebbly drift of the region. /The deposit may be partly leached drift 
and partly alluvium. If this is as extensive along the creek as it 
seems to be, it should furnish a local brick supply. The clay slakes 
in 1 minute, is highly plastic, and requires 20 per cent of water for 
niolding. Its tensile strength is well above 200 pounds per square inch, 
even when rapidly dried. Its air shrinkage is 4.5 per cent. Burning tests 
arc as follows : 
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91 

% 
4 




IT 



The da J becomes hard at oone Ql and is ▼ianns at cone 4. The 
range of vitrification is» tfaeiefore, orer 130* and it can safely be 
burned hard. 

AH these days have the pro pe rt ie s of g^acad rather than Cietaceow 



LAC QUI PARL£ COUNTY 

of day, 3. Pleistocene Giay drift 

2. Cretaoeoos Shak 

1. Aidieui ••••..•••..••• Residtnld^ 

Gray drift, somewhat modified near die sar&ce, covers the county^ 
and the Cretaceoos shales and Arcfaean days are foond only in weDi 
At Dawscm and southwest, white day of the appearance of the 
Archean is met at a depth of 160 fecL 

LAKE cousmr 

Types of clay are the red drift and associated lake days. They 
have not been used. Possibly some swamps contain clay. The 
Keweenawan rocks show thin shak IcTHses, probaUy of no value. 



\m 



LE SL'ELTt COUNTY ^ 

Types of day, 3, Recent Alluvium and swamp clay J 

2. Pldstocene Gray drift 

1. Cretaceous .Shale 

Near the town of Ottawa are several clay deposits. Half a mSe . 
below the railroad bridge over Cherry Creek, is an outcrop of clay i 
lying between the Jordan sandstone and the Shakcq>ee dolomite. It 
is only 2 or 3 feet thick where exposed, and there is considerable cvi- ; 
dence that it is not in a comfonnable series with the Jordan and the 
Shakopee, but has been iR-ashed in during Cretaceous or prc-Cretaceo» [ 
times. This is the first sample taken of a type which is widdy 
distributed throughout the Minnesota Valley from ' Shakopee to New 
Ulm. The cla}*s are \-ariegated. red. yellow, and white, and occtir 
here and there like stratified sediments unconformably above the 
Jordan or the Shakopee. Another common occurrence is in large 
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water-worn cavities and fissures. Before the deposition of these 
Cretaceous clays, the rocks of the Minnesota Valley had been chan- 
neled by rivers and other erosive agents into irregular basins, pot- 
holes, and hollo-ws from 5 to 25 feet in depth, often partly covered 
by overhanging Avails. These pocket-like cavities are smoothly 
water-worn. N. H. Winchell has described^ an instructive section 
of the Shakopee dolomite and its associated deposits of this clay in a 
cut near the railroad bridge which crosses the Blue Earth River about 
a mile above its mouth. He says : 

This cut Is perhaps 70 feet above the river, the bank of which Is composed entirely 
of rock, the lower portion of which 1b the Jordan sandstone, and the upper the Shako- 
pee limestone, the latter composing about 20 feet. In general this railroad cut shows 
a mixture of Cretaceous clay with the Cambrian, the top of the whole being thinly 
and Irregularly covered over and chinked up with coarse drift. The Cambrian is 
more or less broken and tilted, at least the bedding seems to have been cut out into 
huge blocks by divisional planes, which, either by weathering or water-wearing, were 
widened, the blocks themselves being subsequently thrown to some extent from their 
horisontality, tipping in all directions. The opened cracks and seams were then 
flSed with the Cretaceous clay, which is deposited between these loosened masses, 
sod sometimes even to the depth of 20 feet below the general surface of the top of 
the rock. The clay sometimes occupies nooks and rounded angles, sometimes shel- 
tered helow heavy masses of the Cambrian beds. The clay is uniformly bedded, 
•bout horizontally, with some slope in accordance with the surface on which the 
ledlmentation took place. But the most interesting and important feature is tne 
eonditkm of these old OamlyrUm turfooe*. They are rounded by the action of water, 
evidently waves. The cavities and porous spots are more deeply eroded, making little 
pits on the face of the rock; or along the lines of section of the sedimentation planes 
with the eroded siirface, there are furrows due to the greater effect of water. The 
Toonded surface of these huge masses of limestone is coated with a thickness of 
•bout a half inch, or an inch and a half, of iron ore. which scales off easily, and is 
easily broken by the hammer. While this scale of iron ore is thicker near the top 
•nd on the upper surface of the blocks, yet it runs down between the Cretaceous 
day and the body of the rock. 

The sample collected at Ottawa slakes in 2 minutes, is very highly 
plastic, and requires 31 per cent of water for molding. Its tensile 
strength is over 100 pounds per square inch even when dried rapidly. Its 
shrinkage on drying is 8 per cent. Burning tests are as follows : 



Cone No. 



Color 



Per Cent 
Shrinkage 



Per Cent 
Absorption 




The clay becomes hard below cone 07 (1850° F.) and viscous at cone 
10 (2426® R). Analyses are reported in Table III, page 45. Its qualities 
are flras shown to be so excellent that it may be worth while to search out 
toore deposits of this character to ascertain whether some of them may 
W warrant development. 



Winchell, K. B., Minnesota Geol. and Nat. Hist. Survey, Second Annual Report, 

% tn 



124 CLAYS AND SHALES OF MINNESOTA 



a 



Another clay deposit near Ottawa was developed a little over half 
a mile up Cherry' Creek and half a mile from the Northwestern Rail- 
road. Mr. Randall, on whose farm the day occms, reports that it 
was tested for 27 feet without reaching the bottom. It underlies 
an area of the high prairie east of Ottawa where rocks arc not a- 
posed. The geologic section reported by Mr. 'Ramf<an is as follows: 

Yellow clay drift 0-100 feet | 

White clay 4 feet 

Blue clay 8 feet 

White clay 4 feet 

Fine white sandy clay Bottom 

This clay outcrops in the bed of the credc and there might be some 
difficulty with the drainage. It slakes in 1 minute, is very hif^y 
plastic, requiring 26 per cent of water for molding. It shrinks 4 per 
cent on drying. Burning tests by the Minnesota School of Mines 
Experiment Station restdted as follows: 



Cone Xa Color i^SSl 


ISm 


OS Cream | 4 

tZ Cream i i 

2 Cream t 

4 Cream • 

IS Gray 


SI 
SI 
14 
11 



The clay is notably hard at cone 05 (1922° R), fully steel hard at a 
slightly hiirher temperature, and apparently is not eren approadh 
ing viscosity at cone 13. The Bureau of Standards reported it as 
behaving like a refractory clay. It may prove to be highly refractory, 
but it appears to bum dense at moderate temperatures. The follow- 
ing is the average of five analyses made for the company. 

Silica 58.70 

Alumina 28.50 

1 ron oxides 0.18 

Magnesia 0.23 

I inie 0.69 

The St. \\\\\\ I'ire Brick Company was organized to exploit this deposit 
\\\\\\ a plant was constructed with a capacity of several million 
hriv k per year. Xo products have been turned out for several years. 
Piol»ttl»ly tuithcr work would be successful. 

Ah n third type of clay at Ottawa, the river bluflFs, half a mile 
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m the depot of the Omaha Railroad, expose from 50 to 100 feet 

gray drift for a considerable distance. A few feet of coarse 
avelly drift overlies the bowlder clay which was sampled, 
le clay slakes in 3 minutes and its plasticity is low. It requires 

per cent of water for molding and has an air shrinkage of 3 per 
Qt Its tensile strength is nearly 200 pounds per square inch, though it 
ecks slightly if rapidly dried. Owing to the presence of abundant par- 
ies of limestone the product falls to pieces if burned to temperatures 
low cone 2 (2138** F.). The limestone is so abundant that the 
ly melts at a temperature a few degrees higher. To make use of 
is material, it would be necessary to apply some process for re- 
oring the limestone pebbles, but as it occurs in the same neigh- 
»rhood as some apparently high-grade Cretaceous clays, it was 
ought worth while to call attention to it. A plant making use of 
le of these clays might easily increase the variety of its product 
ithout greatly increasing the expense of an installation. 

The gray drift in other parts of the county is not as good as the 
her clays available. An attempt was made to use it for brick at 
^aterville, but some swamp clays near by are more promising. 

At Le Sueur, the alluvium of the Minnesota River is favorably 
:posed along the Omaha Railroad. Similar deposits are found at 
ankato, and here and there along the Minnesota River. The sample 
ken slakes at once, has a fairly high plasticity, and requires 28 per 
tnt of water for molding. Its air shrinkage is 6 per cent, and its 
asile strength about 50 pounds per square inch. Burning tests gave 
€ following results : 



Cone Neu i Color 



Per Cent 



Per Cent 



03 

01 

1 

2 

S 



Salmon 
Brown 
Brown 
Brown 
Brown 



Shrinkage Absorption 

26" 




S 
4 

7 



20 

18 

11 

2 



he clay becomes hard at cone 01 (2066** F.), and reaches viscosity 
t cone 3 (2174* F.). Soft-mud brick can be produced at the rate 
f about 10,000 per day. The brick are red in color, and have stood the 
St of service since 1882 in some of the buildings in Le Sueur. 

LINCOLN COUNTY 

Gray drift covers the whole area of the county. No deposits were 
wmd to be well situated for development. Cretaceous shales are known 
rom well records only. 
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LYON COUNTY 

Types of clay, 3. Pleistocene Gray drif ^ 

2. Cretaceous Shales 

1. Archean Residuals 

The gray drift covers the county, but, owing to its lime content, 
attempts to use it have failed. At Marshall, where shipping facilities 
are good, it might be possible to clean the clay. Cretaceous clays 
within 50 feet of the surface have been discovered by well drilling. 

The Archean lies too deep for exploitation. 

McLEOD COUNTY 

The only clays known in McLeod County are of the gray drift, 
although some recent lake clays may be present. 

The only brick yard in the county is located at Hutchinson, 
where an excellent quality of brick and drain tile are manufactured 
from the ordinary gray drift. The glacial drift there is similar to 
that found over large sections of the State. It contains numerous 
lime and quartz pebbles, some sand and gravel, and a few large 
bowlders. The plant here successfully used this material, where many 
others have failed, because of the special washing process devised by 
Mr. M. C. Madsen, by which the pebbles and sand and other im- 
purities are completely separated from the clay. This process is of 
especial importance to those who may be interested in the ceramic 
industry because it opens a field for the utilization of a vast amount 
of material which has heretofore been considered valueless. A description 
of this plant and the methods used is given on page 25. 

The upper part of the gray drift at Hutchinson is weathered yel- 
low. (See Fig. 2.) Blue-gray clay of equal value lies at depths 
greater than 16 feet. The extent of the deposit is to be measured 
in scores of square miles, and the over-burden at many places is but 
a few inches of soil. The clay slakes in 5 minutes, is fairly plastic, 
and requires 24 per* cent of water for molding. Its tensile strength 
is nearly 100 pounds per square inch and over 75 pounds when it is 
rapidly dried. The following analysis is in the records of the company, 
and was made on washed material. 
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Analysis of Washed Gray Drift, Hutchinson 

Silica 48.25 

Alumina and iron oxides 36.60 

Magnesium carbonate 0.70 

Calcium carbonate 1.49 

Alkalies 4.46 

Loss on ignition 8.50 



99.00 



A second analysis stated below was furnished by Mr. M. C. Madsen, 
manager of the company, to Professor Ries, of Cornell University. 

Silica 60.31 

Alumina 23.77 

Ferric oxide 7.96 

Lime 2.50 

Magnesia 1.75 

Alkalies 242 

Water 



98.71 



These two analyses, though varying widely, probably represent only 
a difference in the thoroughness of washing, and both clays seem 
to be capable of yielding a high-grade product. The washed clay, 
burned by the Minnesota School of Mines Experiment Station, gave 
the following results : 



Cone No. 



Color 



Per Cent 
Shrinkase 



Per Cent 
Absorption 



06 

06 

OS 

1 

S 



Salmon 
Salmon 
Salmon 
Yellow 
Yellow 



1 
2 
7 
8 



24 

23 

9 

8 



The clay bums too hard to be scratched with a knife at cone 06 
(1886® F.) and becomes viscous at cone 3 (2174® F.), thus having a 
range of about 300®. It can be safely burned to a very hard product. 
Tests made on common brick by the Experimental Engineering Depart- 
ment of the University of Minnesota show an average crushing strength 
of 2,834 pounds per square inch. The particular advantage of the drain 
tile here produced is that they resist frost exceedingly well. To obtain 
further details of its physical character, the clay as used at the plant was 
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washed through a series of sieves. The proportion of sand to clay as 
determined by what passed the 20-mesh sieve and what passed the 
100-mesh sieve, was 30 to 70. It is thought that closely similar gray ^ 
drift wherever found to contain about 30 per cent of sand, would be 
suitable for the application of the Hutchinson process of treatment. 
Samples were taken from about a dozen widely separated places, and 
in most of those from which the washed clay showed 30 per cent of 
sand or a close approach to 30 per cent, the mixture of sand and 
clay burned to a product almost identical with that from Hutchinson. 
It is therefore safe to say that throughout at least half the State 
this material is available for the production of high-class brick and tile 
at a commercial profit unless some purer clay is available in the same 
region. 

MAHNOMEN COUNTY 

Pleistocene gray drift covers the county except where recent 
swamp deposits occur. These latter may prove to be worth investi- 
gation, but are not as numerous as in counties near by. 

MARSHALL COUNTY 

The silts of the Red River Valley overlie the gray drift in much of 
this county. North of Warren, the clay along the river has been used 
for many years. It is known to extend over 100 acres and the follow- 
ing section is characteristic : 

Black soil 6 inches to 1 foot 

Yellowish to brown pebbly alluvial clay 10 feet to 15 feet 

Yellowish to gray stratified sand with pebbles 10 feet 

Hard, blue, plastic, smooth clay Depth unknown 

The first 4 feet are almost free from pebbles and are used for soft- 
mud, cream-colored brick when there is a demand. The underlying 
blue clay was tested at the plant and is reported useless for common 
brick. 

MARTIN COUNTY 

Companies with capital invested have sought and offered prizes 
for the discovery of good clay here, without success. A fine silty 
clay of doubtful origin, suitable only for hand molding, is found at 
Granada. Surface loam was used for brick on the south side of 
Buffalo Lake, but they were not of good quality. The remainder of the 
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oounty is covered with gray drift, and this is usable only if the lime 
pebbles can be economically removed. 

MEEKER COUNTY 

Types of clay. Pleistocene b) Gray lake or river 

a) Gray drift 

Near Litchfield and Kingston, brick yards operated for years on 
some laminated clays apparently formed in basins in the ice. Limey 
coacredons occur in certain layers. The gray drift north and west of 
Litchfield consists largely of clay, but is somewhat pebbly. South of Wat- 
kins, the gray drift is very widespread, but would require the usual 
cleansing treatment before successful use could be made of it. An 
attempt to use the clay without these precautions failed. 

MILLELACS COUNTY 

Types of clay, 2. Recent Lake and swamp clay 

1. Pleistocene b) Gray lake and river clay 

a) Red drift 

At the station of Brickton, just north of Princeton, a group of 
brick factories producing about 15,000,000 brick per season are at 
work upon a deposit of typical laminated clay. Under the soil there 
is a superficial layer of clay rarely over 4 feet thick which has lost 
its laminated structure and apparently has been leached of its lime 
cxmtent so that it bums red. Below this there is 10 feet of yellow clay, 
followed by 10 feet of gray clay. All of these varieties of clay are 
usually worked together, mixed in the same proportion in which 
they are found. Below the gray clay which is being worked, is a 
considerable thickness of a rich joint clay, which is reported as hav- 
ing a greasy character, but has too much of a tendency to crack on 
drying to be satisfactorily used. Wells drilled through this find a 
water supply in gravel and sand which lies just below the joint clay. 
As is usual in such deposits, the sand occurs in pockets or irregular 
streaks throughout the deposit. In some pits all of the clay owned by 
the company may be better adapted for soft-mud brick than for the 
stiff-mud product which is easily made by the other companies. The 
main product is manufactured with stiff-mud machines and some 
small proportion is made light by a central opening for use as fire- 
proofing. Considerable difficulty is found in auger laminations which 
weaken the product if the clay is not well mixed. Tests by the U. S. 
Bureau of Standards showed the following characters : The plasticity 

10 
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this deposit, and is equipped to manufacture about 40,000 soft-mud 
cream brick per day. 

Along the Mississippi River, near Little Falls, there are extensive 
outcrops of staurolitic biotite schist which yields residual clays. 
As noted by Winchell,* a trap dyke of basic dolerite, about 10 feet 
wide, crosses the slate diagonally. Clays probably of preglacial age 
are found on the south side of the dyke where they seem to have 
been protected from the erosion of water and possibly from that of 
glacial ice. 

A few miles south of Little Falls at the Soo Railway bridge, a 
similar layer of decomposed mica schist has been exposed and at this 
point there seems to be no harder rock to serve as protection, but 
the decomposition is general and the resulting clay is very extensive 
under the drift* It may be follow^ed 100 yards along the river and is 
visible on both sides. Auger borings showed it to be over 6 feet 
thick, becoming only slightly harder at that depth. It is probably 
many feet to solid rock. The clay still contains a targe amnmn of panly 
decomposed mica« but decomposition has gone so i^x thai the daj 
is waxy and plastic and can easily be molded. StiH farther srath 
near the mouth of the Little Two River, the same sort of material 
is exposed at the abutment of the bridge on the wagotn rcmd crcssisg 
the Little Two River. This material once caused C3«ai &£!rtsinrm asd 
considerable prospecting for silver on accoant of the rocrDoed sltttt 
mica scales. The further extent of similar maiena] i^ inirrrfi r a 
report of Warren Upham.* At the mouth of Ae rntc Tv\- Jjrrt: i 
well was sunk throuirh 25 feet of decomposed sc^is: tmi "nn-ed • 7fC 
farther into the same. All the lumps of rock thrm-r nn: zmmuifi r:> 
powder within a few weeks after expostire tr :he i^T.iirmr Tie crj 
day slakes at once and requires 53 per cent r: -w-i.tet 7rr mriidiK: - 
shriitks 5 per cent on drA-ing:. It bums red. be: rsmt-m? s^rrt: tu tt nmc 
6 ^2280^ F.) and is past \-iscosit>- a: cone I- 3X'' F i zai harffy 
te cettsidered satisfactory for \-itrincatio::. bn ::? mnr* ^^iractn- vsz 
Air commoo drift and recent clays. 

la the banks of tiie ilississipp: River. 2 =£•*« S5r=r n: T<nv;ii2s c 
tfiir food bridge on the road from Be wins rr Srnn.bnr. rtsr tnt zsj 
IhKife de sc r ib ed is an outcrop of white c!2t. Tr:* s- i. t^^ a^nii: 1' 
which dips sli^tlv t: the s-rntr: Trferf r > rv— rriaiL K 
nfralV^ A few hundred vards ncr:n: rf ^ttt mitr^cT vncrr 
crtpcrt tfac ame claj t:- rocnr rnrhsr ir tni tnnr £ 
bees eroded and ±e Hnr :^-';>- r:c3uua mi'> octmsr 




OftC «rai Xit. Sac 5tor»flr. ?*!sm tI»;, Vr. . ■: 5*i 
Gmuu matt Kit, Hiac 54xir'»e% jrtaaa jup-,. Ti. . -. 5H 
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near the mouth of the Little Two River. In the outcrop near the 
bridge, the texture varies from massive white clay to a highly concre- 
tkazry, very ferruginous red clay. The two extremes were separately 
sampled, but were found to behave very similarly. They do not slake 
when placed in water nor do they develop much plasticity even after 
grinding. They stand the temperature of cone 13 (2534° F.) without 
the slightest deformation and without becoming hard, though the ferrugi- 
nous sample is the harder. They are evidently quite refractory. No use 
is being made at present of the deposits in this neighborhood. Professor 
Dodge^ analyzed the concretionary material and the results which follow 
give evidence of the presence of bauxite. 



Analysis of Concretionary Clay of Morrison County 

Silica 19.81 

Alumina 52.43 

Iron oxides 1.32 

Magnesia 1.64 

Soda 0.44 

Ignition 23.23 



98.87 



Just south of the clay described is a shale containing Cretaceous 
fossils and including a thin layer of lignite. This shale was sampled 
at a point a few rods above the mouth of Two River near the road 
bridge over the Mississippi River. It is exposed for a thickness of 
10 feet or more and can be traced more than 200 yards along the banks 
near water level. It is gray and waxy and apparently contains numerous 
small mica scales. Where exposed, it has very little overburden, but 
if traced for any distance it would undoubtedly be found to be cov- 
ered with glacial drift. It dips a few degrees toward the south and 
is underlaid by the white basal Cretaceous clay just described. 
The clay slakes in 2 minutes and is not very plastic. It requires 
26 per cent of water for molding and shrinks less than 4 per cent on 
drying. At cone 4 (2210** F.) it is salmon-colored and has just be- 
come hard. It reaches viscosity at about cone 10 (2426** F.). This 
should be of proper quality to serve as a plastic bond for the non- 
plastic fire clay, which occurs in the vicinity. 

iWlncheH, N. H., Minnesota Geol. and Nat. Hist. Survey, Final Rep.. Vol. 2, p. 602. 
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MOWER COUNTY 

Types of clay, 3. Pleistocene b) Loess 

a) Gray dri 

2. Cretaceous Shale 

1. Devonian Shale 

At Austin clays that are possibly of Cretaceous age overlie tl 
eroded edges of the Devonian rocks. A quarter of a mile nort 
west of the depot of the Milwaukee Railroad the Minnesota Fan 
ers' Brick and Tile Company has opened a deposit which varies fro 
1 to 20 feet in thickness and underlies a large part of a property co 
si sting of 93 acres. Although the clay is described as Cretaceous, 
is somewhat modified and disturbed apparently by glacial actic 
and it is questioned by Sardeson* whether it ever was Cretaceoi 
The color of the clay is variegated and it contains a few pebbles ai 
rocks, especially where most disturbed near the surface. Glacial dr 
overlies it but is only a few feet thick. The irregular surface ( 
which it rests is composed of sandstone and dolomite with a thin n 
per layer of blue clay rarely over 6 inches thick. The clay slakes 
3 minutes and has a very high plasticity, requiring 31 per cent « 
water for molding. It shrinks 7 per cent on drying, and has a tensi 
strength of about 80 pounds per square inch even when rapidly drie 
Burning tests by the U. S. Bureau of Standards resulted as follows: 



Cone No. 

oia 

010 
08 
Ofi 
03 



Color 


Per Cent 


Per Cent 


Shrinkage 


Pororfty 


Salmon 


High 


25.0 


Salmon 


High 


20.0 


Salmon 


High 


9.0 


Red 


High 


1.0 


Ked 


High 


.€ 



There was a little trouble with checking, but it was not serious. 11 
porosity was low over a considerable range of temperature. 

The factory which has a capacity of 60,000 brick per day has htt 
experimenting with different materials available to determine whctln 
or not hig:h-grade products can be produced. Their work has yield 
excellent results. The clay commonly bums red, but by mixing 
some of the underlying Devonian rock, they have found it possib 
to produce buff- and cream-colored ware of equally high grade. Tl 
Devonian rock alone bums to a lime rather than a clay produc 
The 6-inch layer of blue clay between the bed rock and the Cretaceoi 
has also been burned, but the deposit is too small to be of value, 
docs not differ greatly from the main body of clay. 

'Sardeson, F. W., So-called Cretaceous of ssoutheastem lOnnesota : Jour. Geolog 
Vol. «. p. 67S. 
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At the northvrest comer of the property owned by this company, 
a clay which seems to be of most excellent quality has been de- 
?clopcd by drilling but has not yet been opened. It is at least 20 
fc€t thick and is known to exist over several acres. It is somewhat 
stratified, and, though it contains some fine grit, it is highly plastic. 
Only 2 or 3 feet of soil lie above it and no impurities were discovered 
except a 6-inch layer of sand. The clay slakes in 5 minutes, but re- 
quires only 15 per cent of water for molding. It has a tensile 
strength of over 100 pounds per square inch, and its air shrinkage is less 
than 4 per cent. Burning tests by the Minnesota School of Mines Experi- 
ment Station resulted as follows : 



Cone No. 


Color 


Per Cent 
Shrinkafire 


Per Cent 
Absorption 


OS 
1 
S 
5 

13 


Buflr 
Buff 
Buff 
Buflf 
Gray 


0.3 
1.0 
1.0 


10 
9 
9 



The clay becomes too hard to be scratched with a knife at cone 05 
(1922* F.) and is undeformed at cone 13 (2534** F.). It may prove 
to be highly refractory, but as it burns dense at moderate tempera- 
tnreSy it is more suitable for stoneware or retorts than for fire brick. 
Probably such Cretaceous deposits may be found elsewhere in the 
neighborhood by detailed prospecting with augers and drills. An 
outcrop near Frankford is probably Cretaceous. 

The gray drift covers nearly all of Mower County except along the 
bottoms of the stream valleys. At many places where it is free from 
gravel and other coarse impurities, it may be utilized for common 
red brick. The loess is here unimportant. Abandoned brick yards 
were noted near Frankford, High Forest, and Leroy, where common 
brick were made from the glacial drift and the loess. 

Limey shale and shaley limestone of Devonian age are found at 
several localities in Mower County, notably near Frankford along 
Deer Creek and near Leroy along the upper Iowa River in the eastern 
part of the county. That at Austin is mentioned above. It contains 
15 per cent magnesia and 20 per cent lime. Probably none of these limey 
shales are of value for brick or other clay products since they are non- 
plastic, sandy, and impure. 

MURRAY COUNTY 

This county has only gray drift of the usual pebbly type. It has 
been tested and found identical in its behavior with that used at Hutch- 
inson. 
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7 •>!-- :■ li ' ?.^z2rz Alluvium 

1 ?.t:szz^^^:t Gray drift 

'. r-e^nc-ju-- Shale 

>* ;. ciler I.:i=r7 :r7v:i::e ILiUj^u. zr.ck ire manufactured fro* 
:;*•- v-:r..: ieentf :j :.? ^^en~i^- ^i^nl^r :- diat on the MankitC 
;-de :r. Z'ue Z-ir^i: I.::inr- Z'^ z^s.'' i -ct c:atinuous over tk 
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=an«iv :r ^r* -^ll- iec^:^;ti. T':s -.a::t >ii i laracirv of over 2 mft 
lien br.ok ^ler iesii:-:. f:r::.l^ -j.7 ^ : -i^'i i: judson. several milei 
•JO die r.V'sr :r. :l:e V:j.:Je: _":-i::r- ?:de. 

Ac 5t. ?*rer. -viieri the >':r:::vf5Tir:i 7-i:Ir:ai crosses the Mifr 
nescta xi-er. all-s-uil daj :cjuc:es i rr-r.-ienrle area. This has th 
'iisual appearance inc. .s iczarin:!'^ :: :iii fan-i zuality as that found 
at Lc Sacs- Ir -aras -sei I'J j^an ic: ::r z-ck :o build the asyha 
at St. Peter, and a iimlar i-c*:-?:- \-ii i- e'.jc-^i us: across the rim 
at Kaaota. 2oth clanri ire u.:tv ;: rs^i Tr.e ^lav slakes at onct, 
and ks plskscidrr -s How. Irs tsriiile srr^Lr± "^ '-?'' rcunds per square 

ur shrrrka-e - ?er rsr^ I unr:^ :e?rs are as follows : 



Cc'Cr 



M 
t 






Absorption 



20 

15 



The clay becomes hard at ::r.e II r>> F. ar.d reaches viscosity 
St cone 3 ^2174* F.j. 

Several outcrops of CreUiCerus ?:.ule ^re sh:wr. on ihe map* of 
County. These are very c'.rse i: :he town oi New Ulm, airf 
apparently similar 10 thofe in Br: wr. County. In Sec. 34. T. IK 
R. 30 W., at Mr. John Heinmann's lime kiln, is an outcrop aboal 
leet thick which can be traced by poorer exposures for seven 
yards along the creek. This is a bedded shale v.r.derlyin( 
drift and containing' some small layers of limestone. It 
r m variegated. It is quite easily accessible. The clay slake 
tolttflipB in 10 minutes. It i< hiirlily plastic and recuires 23 pe 
li water for molding:. lis ;iir shrinkage is 7 per cen: and it 
is over \()0 pound*^ piT square inch, but :? somewhat Ics 
»^ it rapidly dried. Huniin- tc-ts by the Minnesota School c 
it Station aro as h^llrnv^: 
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OLMSTED COUNTV 

Tyjws of clay. 4. Recent b) Swamp and lake clays 

a) Alluvium 

»1, Pleistocene b't Loess 

a i Gray drift 

2. Galena Shale 

1, Decotah Shale 

Reil brick have beer, nude :r:= :he glacial clays in a number of 
localities. Nearly every :cw^ c; ary si^e in the county has a de- 
jHisit of clay from w-ici a fair .;=il;:y c^ ccnunon brick could be 
made. The mos: !nijcm=; clay ::rruu-.-= i= the county is the De- 
corah shale. This ha* rsv-r bi-s= riunec. ;■;; in the future it is to 
this formation that i:Ttr.;:-c *^-r:i re t:Te= n^her than to the in- 
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the shale above sea level is from 1,125 to 1,200 feet. The most favor- 
e localities for the development of this formation for the manufacture 
ceramic products are in the vicinity of Rochester and Byron. In 

southern part of the county, along the north branch of Root 
^er, the shale outcrops on both sides of the stream, but is of small 
:kness and is inaccessible at present. Where the overlying lime- 
ties are missing, and where the shale is covered by glacial drift 
)', its presence is not easily detected, but if the neighboring out- 
)s give no sign of the removal of the shale, it is supposed to be 
sent under the drift. Around the city of Rochester, where a thin 
sr of the Decorah shale forms a capping on many of the hills, it 
overed by only a few feet of drift and soil, and is therefore readily 
essible. 

Two and one half miles north of the town of Byron on the 
terson farm, the Decorah shale is about 50 feet thick and covers 
ly acres. (See Fig. 4.) Tests on a sample indicate the quality of the 
le in other parts of the county. Its plasticity is very high. It requires 
per cent of water for molding, and has a shrinkage of 11 per cent 
drying. In burning there is the usual tendency to form a black 
e and destroy the brick if the heating is too rapid, but a temper- 
-e of cone 02 (2030° F.) can be reached in a slow furnace without 

loss of the product. The range of vitrification is as great as in 
iples of this shale from other places. 

At Rochester there is a considerable deposit of alluvium along the 
ibro River. This is known over 40 acres to a depth of 5 feet or 
re and it is supposed that its content of clay is derived at least 
part from the neighboring Decorah shale. It occurs in patches, 
mating with sandy and gravelly material, as in most alluvial deposits. 
I day slakes in 1 minute, is highly plastic, requires 32 per cent of 
cr for molding, and shrinks 6 per cent on drying. Burning tests are 
iollows : 
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Color 



Per Cent 
Shrinkage 



Per Cent 
Absorption 



OS 

1 

s 

5 



Salmon 
Red 
Red 
Red 
Red 



2 13 

5 : 9 

6 8 



t clay becomes hard at cone 05 (1922** F.) and has not reached 
X)sity at cone 5 (2246** F.). It has thus a range of vitrification 
considerably over 300°, and should be capable of burning to thorough 
ification without loss. This clay is recommended for further 
estigation. 
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with a good range of vitrification. The company, which was organ- 
iicd about five years ago, has been producing brick at the rate of about 
10,000 per day, working on half-day shifts. The plant is not now 
active on account of the difficulty of reaching a market from its rather 
inaccessible location. 

Laminated clays are known at two points near the town of 
Battle Lake. Here, Mr. A. C. Hatch established a brick yard, using 
I clay which he had found across the lake. The clay was mined 
by blasting when frozen, and hauled across the lake on the ice. A 
moderate success was made of a small plant, but the clay is nearly 
ediausted. Two miles southeast of Battle Lake on the banks of 
Clitherall Lake are many acres of a similar clay. It is at least 12 
[eet thick. 

At Pelican Rapids, the following series of outcrops is observed in 
Sec 22, T. 136 N., R. 43 W. 

Gray drift 1 to 15 feet 

Yellow laminated clay 12 to 14 feet 

Blue laminated clay 4 to 6 feet 

White sand Bottom 

The yellow clay was worked until 9 or 10 years ago, but the amount 
of overburden increased so as to render operations unprofitable. The 
voridng and burning qualities of the clay are fairly good. It makes a 
buff brick without any very great range of vitrification, and before burn- 
ing it has only a medium tensile strength. 

One mile north of Pelican Rapids is a very extensive clay bank 
of the gray drift which is known to be over 10 feet thick. This can 
hardly compete with the laminated clays near by. 

PENNINGTON COUNTY 

At Thief River Falls, which is in the region once covered by Lake 
Agassiz, a considerable deposit of clay 4 or 5 feet thick was used for 
brick many years ago. The best clay is now nearly exhausted. Ex- 
cellent brick were made, and, if other alluvial clays are found, they 
nay be suitable for development. 

PINE COUNTY 

Tjpts of clay, 2. Recent Swamp clays 

1. Pleistocene Red drift and laminated clay 

The red drift of most of the county is from the Lake Superior in- 
noon, but older red drift lies below it and the gray drift extends 
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which can be traced all along the river and is known to a depth 
east 12 feet. It is covered only with soil and underlaid with a 
and blue clay of unknown thickness. There are a few limestone 

and limey and iron concretions. The lamination in the upper 

paper thin, but in the lower part of the bank there are layers 
inches thick. The working qualities of the clay are very good, 

that it cannot be dried rapidly without checking. It burns 
t cone 2, and has a fair range of vitrification. The plant is 
ing^ common cream brick by a soft-mud process, at the rate 
It 4 million in a season. The Crookston Brick and Tile Com- 
»perate close to the saw mill on the same deposit. Where 
d in their pit, the clay is a little more sandy. The capacity 
plant is about the same. The City Building Inspector, of Min- 
!s, in testing a set of 6 brick from this deposit at Crookston, 
a crushing strength ranging from 1,950 to 3,350 pounds per 

inch, ivith an average of 2,500 pounds. The blue clay of the 
levels gives the usual trouble in drying. 

East Grand Forks the silts of the Red River extend for miles up 
>wn the valley and locally are 100 feet thick. They have been 
d and "vveathered yellow to a depth of 5 feet, and for many years 
Drtion has been used for making cream-colored brick. On the 
ide of the river, work has been in progress over 20 years, and 
md Forks, on the Dakota side, for a longer time. The same com- 
controls the yards in both Dakota and Minnesota. Steam shovels 
etter machinery have been installed on the Dakota side, and, if the 
nd is not great, the plant on the Minnesota side is closed, rather 
the other. According to the officers of the company the clay at 
wo plants is essentially the same. The clay slakes at once and its 
icity is very low. It requires 26 per cent of water for molding, 
shrinks less than 4 per cent on drying. Its tensile strencrth was 

above 100 pounds per square inch. Burning tests gave tlie fol- 
ng: 




i*er Cont 
Shrinkage 


P'T Cont 
Absorptl<»n 



2 
S 


i 36 

1 30 

28 



I day becomes hard at cone 01 (2066° F.), and reaches viscosity 
(2246* F.)- It is capable of being burned to an excellent 

th Dakota Geological Survey give the following results 
rial from Grand Forks: 
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Cone No. 


riftift- 1 Per Cent 


Per Cent 
Absorption 


OIQ 
05 
OS 
01 


Pink 

Cream 

Cream to sreen 


0.6 
1.0 
0.1 
2.0 


81 
8S 
22 
18 



"The bricklets, except the one burned to cone 01, were not very 
strong. The clay was incipiently fused at cone 1, became rapidly 
vitrified at cone 3, and viscous at cone 4." 

Two analyses of clay from near Grand Forks are available, the 
first of which is furnished by the company and the second quoted 
from the North Dakota Survey.^ 

Analysis of Silts of Red River Valley 

Silica 48.30 51.27 

Alumina 8.16 9.33 

Iron oxides 2.84 3.52 

Magnesia 4.93 2.31 

Lime 16.34 11.15 

Soda p. n. d. 2.08 

Potash p. n. d. 0.50 

Ignition 18.00 

The underlying gray clay on the Minnesota side was more plastic 
and showed a greater shrinkage than the yellow clay which was be- 
ing worked. The preheating process referred to in the chapter on 
physical properties (page 9) would improve the working qualities of this 
gray clay. A burning test resulted in a brown brick instead of a buflf one, 
and the temperature of fusion was a few degrees lower. The plant 
on the Minnesota side of the river has a capacity of about 50,000 
bricks per day. 

In the neighborhood of Lengby are several lakes in which clay 
deposits overlie common gray drift. There is hardly enough of the 
lake clay to be used alone, and the g^ray drift is, as usual, full of 
pebbles. The lakes could probably be drained off, and clay deposits 
reported to be of considerable thickness would be exposed. The 
good quality of the material for common brick is shown by some 
brick which were burned eight years ago for the village school. 

POPE COUNTY 

At Glenwood a small plant was at work many years ago upon a 
superficial leached deposit of gray drift from which most of the lime- 

iClapp, C. H., and Babcock, E. J., Fourth Biennial Report State Geo!. Survey of 
North Dakota, p. 185. 
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stone apparently had been removed. As the town has grown, this 
particular deposit has been leveled off and subdivided into city lots, 
uid no similar deposit has been developed in the neighborhood. Al- 
iough its working properties were fair as regards plasticity, shrink- 
gt, and strength, it does not burn hard until within a few degrees 
f the temperature of fusion. It is, therefore, not promising for hard- 
umed brick. The usual quality of gray drift is available, however, along 
U the hills in the neighborhood and, if it should be developed near 
le junction of the railroads, d plant using the Hutchinson process 
lij^ht be successful. 

RAMSEY COUNTY 

•pes of clay, 2. Pleistocene c) Red lake and river clay 

b) Gray lake and river clay 
a) Red and gray drift 
1. Decorah shale 

The Decorah shale, which is so extensively used at West St. Paul 
in Dakota County, occurs also in Ramsey County, but property is too 
valuable for excavation at these localities. 

The general section of the drift in Ramsey County is as follows '} 

3. Loam 3-10 feet 

2. Gray drift (d) sand, gravel, and stone.... 0-10 feet 

(c) laminated brick clay 0-16 feet 

(b) sand, gravel, and stone 20 feet 

(a) till (seen) 0- 2 feet 

1. Red drift (b) laminated brick clay 0-10 feet 

(a) till 10-20 feet 

Leached gray drift has been used in the northern part of the city of 
St. Paul for red brick. 

The red laminated clay is somewhat sandy, like that at Stillwater. 
It was once used on Dayton's RlufF. Just south of Como Park a 
Uckness of 10 feet of red laminated clays is visible at the crossing 
of Lexington Avenue under the Northern Pacific Railroad. From 5 
to 20 feet of gray drift lies above it. A sample was taken here as 
in indication of the quality of these clays in the neii^^hborhood of 
flic Twin Cities, where the gray laminated clays also arc used. Tests 
by the U. S. Bureau of Standards are as follows : The clay contains 
too much fine sand to work well in an auc^aT machine. The water 

iWtnchell, N. H.. Final Rep., Minnesota Geol. and Nat. Hist. Siirvt'v. V«.l. 2, p. 371. 

n 
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eet of black sandy clay, then 5 feet of yellow sandy clay, below 
ich is river gravel. The clay slakes at once, is highly plastic, and 
uires 27 per cent of water for molding. Its tensile strength is 
riy 100 pounds per square inch, though it may be somewhat less if the 
is dried too rapidly. The air shrinkage is 7 per cent. Burning tests 
as follows : 



Cone No. Color 



05 
02 

1 
2 



Salmon 
Salmon 
Brown 
Brown 



Per Cent ( Per Cent 

Shrinkage ' Absorption 





1 
6 
6 



22 
oo 

12 
9 



clay becomes too hard to be scratched with a knife at cone 05 
J2** F.), and reaches viscosity a little above cone 2 (2138"* F.). 
rhe Morton Brick and Tile Company have been manufacturing 
brick and drain tile for many years in a modern plant of medium 
icity. Small additions of the refractory Cretaceous clays do not 
;)rove the product. 

RENVILLE COUNTY 

ypcs of clay, 4. Recent Lake clays 

3. Pleistocene Gray drift 

2. Cretaceous clays 
L Archean residual clay 

Lake clays of unknown quality are reported at Boon Lake in the 
lortheast corner of the county. The gray drift of most of the county 
s of the common type. From Beaver Falls east, along the Minnesota 
Jiver, Archean residual clay and basal Cretaceous clays are important. 

On Birch Cooley, three-fourths miles up the creek from the river 
bluffs, the "concretionary marl" reported by N. H. WincliclP reaches 
I great thickness. Well records show it at many other places below 
100 to 300 feet of drift. This drift overburden is the chief drawback 
its extensive development. 

At a point two miles below the Lower Sioux Agenry, Sec. 10. T. 112. U. 34 (in 
Mrch Cooley), on the north side of the Minnesota, a small creek Joins the riv<T. Up 
his creek, about three-quarters of a mile from the river bluflH. the ('r^taooous ap- 
Mtrs in its banks. A concretionary marl, or apparently limey earth, of a white color, 
Tumbles out under the projectlngr turf. It appears in framiunts of :in inch or two. 
ir icanetimes larger, with angular outline. The surfaces of these pieces sliow a great 
nuBber of round or oval spots or rings, which seem to be formed by the sections of 
BOBcretions enclosed in the mass. It is rather hard when dry, and nearly white. It 
li tisociated with a blue clay, the relations of which cannot here be made out. 

At a point a little further up this creek appears a heavy deposit of concretionary, 

iWlnchell, N. H., Final Rep., Minnesota Geol. and Nat. Hist. Survey, Vol. 2, p. 197. 
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ROSEAU COUNTY 

A quarter of a mile from the station at Badger, the gray drift 
has been worked over somewhat by the waters of Lake Agassiz, and 
is rich enough in clay to make brick. The clay contains a rather high 
proportion of limestone pebbles, and owing to these, the product is infe- 
rior. A process for removing the limestone would make it more satis- 
factory. 

At the town of Roseau are several acres of similar modified drift 
at least 10 feet thick. It is highly calcareous, but the limestone is not 
present as pebbles. In working and burning it shows a very much 
better quality than that at Badger. A few yellow brick were made 
from it several years ago. 

ST. LOUIS COUNTY 

Types of clay, 3. Recent Swamps and lake beds 

2. Pleistocene *.d) Gray laminated clay 

c) Red laminated clay 
b) Red drift 
a) Gray drift 
1. Huronian Paint rock 

Just south of the town of Tower is a swamp that extends over several 
hundred acres. Borings show 40 feet of clay near the center. Above 
the clay, which contains very few limey pebbles, are several feet of 
peat. The North American mine is close to this deposit, and its 
underground workings may eventually drain the swamp. The clay 
slakes at once, shows a high plasticity, and requires 39 per cent ot 
water for molding. The air shrinkage is very great, and the clay can 
hardly be prevented from cracking. The tensile strength is conse- 
quently small. As tested by the U. S. Bureau of Standards, it gave 
the following: The color varies from light red at low temperatures 
to chocolate at higher temperatures. The porosity ranges from 28 
per cent at cone 010 to 16 per cent at cone 06, and drops rapidly to 3 
per cent at cone 04. The best burning temperature would be at 
about cone 04 (1958° F.). The range of vitrification is fairly good. 

A plant was started to manufacture the brick and tile from this 
material, but difficulty was experienced in drying the ware. On account 
of its good range of vitrification this clay might be valuable for making 
sewer pipe if it developed enough strength in the burned ware and could 
be safely dried. It has a lower temperature of fusion than most sewer 
pipe clays and this is sometimes an indication of weakness. If a less 
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The clay becomes too hard to be scratched with a knife at cone 05 
and reaches viscosity at cone 1. On account of the easy accessibility of 
several other types of clay, mixtures of this clay were also burned, but 
none seemed to show a greater range of vitrification, or other improve- 
ment in properties. At the lower porosities this day shows a well- 
vitrified structure. 

On the Mesabi Range, notably at Coleraine and Hibbing, bodies of 
clay are interbedded with the iron ore. Iron has been concentrated in 
the clay, but it is not rich enough to be an ore. It is highly colored and 
commonly known as "paint rock." The beds vary greatly in size and 
texture. Some of the clay is sandy, but some is smooth and plastic. 
Where the ore is found both above and below the paint rock, it is neces- 
sary to remove the paint rock in order to work the open pits. If a use 
could be found for this material, it could easily be separated from the 
rest of the dump, which consists largely of gravel overburden. At Cole- 
raine 20 feet of paint rock is being removed. The paint rock slakes 
very quickly and is highly plastic, requiring 27 per cent of water. Its 
tensile strength is a little over 50 pounds per square inch, and its air 
shrinkage 4.5 per cent. In spite of its high content of iron, it does not 
burn hard below a temperature of 2200° F., but is viscous at 2500° F. 

Above the iron ore is a formation known as the Virginia slate. At the 
Norman mine at Virginia, over 20 feet are exposed. This also is highly 
ferruginous, and is not plastic, even when powdered. It has very little 
tensile strength and does not burn hard at a temperature of 2300** F. 

SCOTT COUNTY 

Types of clay, 3. Recent Alluvium 

2. Pleistocene b) Gray lake clay 

a) Gray drift 
1. Cretaceous 

Alluvium occurs all along the Minnesota River and in the bluffs at 
many points gray laminated glacial clays are known. A sample of gray 
drift from 3 miles south of Shakopee contains many limestone pebbles. 
At La Huiller Mound, between Jordan and Shakopee, a white clay re- 
'sembling the Cretaceous was sampled for the state museum by N. H. 
Winchell. 

In Shakopee, river alluvium is known to extend over 20 acres to the 
unusual depth of 30 feet. A dark-colored clay some distance from the river 
is found to be more plastic than that closer to the river, and the two are 
mixed to produce the proper clay for soft-mud red bricks. Some re- 
pressed brick are made at this plant. The clay slakes in 3 minutes, and 
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its plasticity is rather low. It requires 23 per cent of water for molding 
and shrinks 4 per cent on drying. Its tensile strength is about 100 
pounds per square inch, and is not much less if the clay is rapidly dried. 
Burning tests resulted as follows : 



Cone No. 


Color 


Per Cent Per Cent 
Shrinkage Absorption 


OS 

S 

s 
i 


Salmon 
Brown 
Brown 
Brown 



3 
6 


18 
15 
22 



The clay becomes hard at cone 01 (2066** F.), and reaches viscosity 
at cone 4 (2210° F.). The plant has a capacity of about 3 million brick 
per season. 

At Blakeley a deposit has been used in the manufacture of cream- 
colored brick. It consists of laminated clay about 30 feet thick, the upper 
half of which shows the common weathered yellow color, characteristic 
of these clays. The extent of the deposit is uncertain on account of the 
talus from the overlying hill of drift, but it can be traced for some dis- 
tance along the Minnesota River bluff. There is the usual difference be- 
tvireen the upper and lower clays. Neither shows a tensile strength as 
high as 100 pounds per square inch, and, while the upper clay shows an 
air shrinkage of 1.5 per cent, the lower shows over 5 per cent. A mixed 
sample such as is used at the plant shows the following characters : 



Cone No. 



Color 



Per Cent 
Shrinkage 



Per Cent 
Absorption 




Clay becomes hard at about cone 1 (2100°F.), and is near viscosity 
at cone 4 (2210® F.). A plant established here has been operated stead- 
ily since about 1890, making common brick. Recently a large proportion 
of hollow brick have been made with a stiff-mud machine which has a 
capacity of about 35,000 brick per day. 

At Belle Plaine, in this county, a plant is in operation about a mile 
south of the town. The clay bank shows the following section : 

Gravelly drift 30 feet 

Yellow silt 10 feet 

Gray clay 15 feet 

Very dark gray clay 15 feet 

The different portions of the bank are not regular in their strati- 
fication, but the clay seems to have been thrust up in a sort of arch in 
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this neighborhood and each part of the section grades into the overlying 
and underlying parts. The yellow silt of the section can be used as sand 
in tempering the lower clay. The working properties of the clay are ex- 
cellent, and the plant which is operating can produce about 30,000 soft- 
mud cream-colored brick per day. 

SHERBURNE COUNTY 

Types of clay, Pleistocene c) Gray lake and river clays 

b) Red drift 
a) Gray drift 

An area in the neighborhood of the town of Elk River is covered with 
red drift, without the overlying mantle of gray drift found in most of the 
county. The sample taken slakes in 4 minutes. After grinding, it shows 
a high plasticity and a shrinkage of 8 per cent on drying. The tensile 
strength is, however, only a little over 50 pounds per square inch. 
Burning tests are as follows : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


05 
04 
02 

1 


Salmon 

Salmon 

Salmon 

Red 


1 
1 
3 
6 


16 

15 

12 

3 



The clay becomes hard at cone 05 (1922'' F.), and reaches viscosity at 
cone 1 (2100° F.). With this red drift available, there is little need of 
using the gray drift for common brick. 

Two miles south of Sauk Rapids, and across the Mississippi River 
opposite some brick yards in Stearns County, there was at one time a 
brick yard producing cream-colored brick from yellowish laminated 
clay of the common type. 



SIBLEY COUNTY 

Gray drift covers nearly all the county, except along the Minnesota 
River where alluvium is found. The latter makes fair red brick. At 
Henderson, if the richer clay is selected from the deposit, 50 per cent of 
sand from the bed of the river is added for making sand-mold brick. 
The clay without the additional sand shows a rather high air shrinkage 
and, though its range of vitrification is about the average, it reaches vis- 
cosity at cone 1 (2100'' F.). With sand added, this clay would no doubt 
have the properties of the other alluvial deposits. The plant is capable of 
producing about 10,000 red brick per day. 
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STEARNS COUNTY 

Types of clay, 4. Recent Lake clay 

3. Pleistocene c) Gray lake and river clays 

b) Red drift 
a) Gray drift 

2. Cretaceous .b) Shale 

a) Basal clay 
1. Archean Residual clay 

The gray drift is abundant in the county but where tried at College- 
viDc and near St. Cloud, it was not satisfactory. 

Just west of Richmond at the west end of a wagon bridge over Sauk 
River, is an exposure of Cretaceous, which has been explored by shafts 
and tunnels in search of coal. Gray shales outcrop above water level. A 
hole about 100 feet deep reached granite, but passed a large mass of basal 
Cretaceous and, below it, a white gritty clay retaining some traces of 
granitoid texture. This is probably decayed Archean granite. The sec- 
tion resembles that exposed in Redwood County. The gritty clay is 
plastic and has an air shrinkage of 4 per cent. At cone 04 (1958° F.) it is 
buflF and too hard to be scratched with a knife. At cone 13 (2534° F.) it 
is purple, but still undeformed and very porous. 

At this Richmond outcrop the bottom of the basal coriglomeritic clay 
is below water level in the river. A boring into the hard clay at water 
level to test the thickness of the formation, showed at least 6 feet of 
white clay below, and 7 feet may be seen outcropping above water. It 
cannot be said with certainty where this Cretaceous formation ceases and 
the residual Archean comes in below, for they are of similar character. 

This basal Cretaceous is overlaid with a dark gray shale and some 
small lignite layers. A near-by shaft 25 feet deep passed a 6-inch layer 
of lignite enclosed in blue clay which was proved to reach a depth of 50 
feet by boring in the bottom of the shaft. Shale of the same general 
appearance was observed in a ravine 2 miles north of Richmond. A 
sample of the clay slakes in 3 minutes, and is fairly plastic, though it ha:s 
a somewhat waxy feel apparently on account of included mica scales. It 
requires 16 per cent of water for molding. Burning tests by the Minne- 
sota School of Mines Experiment Station resulted as follows : 
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The clay becomes too hard to be scratched with a knife before reaching 
cone on (1688** F.), and, if carefully burned, can be heated to cone 02 
without deformation. The presence of organic matter, however, is re- 
sponsible for the production of black cores with great swelling and 
cracking if the clay is not thoroughly oxidized. The range of vitrifica- 
tion is sufficient to make it perfectly safe to burn this clay to a dense prod- 
uct, but, owing to its low fusion temperature, it is not desirable material 
as a binder in making refractory ware of the non-plastic kaolins which 
underlie it. 

Three miles south of St. Cloud the laminated clays are developed 
over many acres of land, along the west bank of the Mississippi. They 
have a thickness of over 30 feet, but over much of the surrounding 
territory they are deeply buried under deposits of sand. Here, a trib- 
utary stream. Three Mile Creek, has eroded the sand, and made the 
clay accessible. Two brick yards are at work upon the material. As 
usual the clay has irregular pockets and layers of sand, which, when 
rather fine, are called quicksand. These sands make very poor brick, 
but if proper attention is paid to the mixing of the plastic and sandy 
parts of the deposit, excellent cream-colored brick can be produced. 
The clay burns hard at cone 03, and has a range of vitrification much 
like that of other laminated clay. Both solid brick and hollow tile and 
building blo'ck are produced at each place, and each plant has a capac- 
ity of over 20,000 brick per day. At one plant round down-draft kilns 
are being installed so that the temperature of the burning of the tile 
can be more accurately controlled. A little farther south a similar 
deposit has been worked at St. Augusta. Work was started here in 
1890, but was abandoned in 1910. 

At Collegeville, for the buildings of St. John's College, brick were 
made from a small deposit of yellowish laminated clay which seems 
to be entirely surrounded by coarse gravelly drift. It may be only a 
fragment of some larger deposit which was caught up by a later ice 
invasion and deposited in the midst of a gravelly moraine. It shows 
the usual range of vitrification, reaching the point of fusion at cone 3 
(2174° F.). The deposit is small and relatively inaccessible. 

Brick have been made at Albany from clay obtained in the banks 
of a stream at the southwest side of town. It is said that the clay 
near water level is quite free from lime pebbles and burns red. At the 
top of the bank, the gray drift is full of limestone fragments and is 
unsuitable for brick manufacture without some cleansing process. 

At Miers Grove, in this county, over several acres north of town the 
gray drift has been leached of some of its lime contents. The thorough 
leaching extends to a depth of only 3 or 4 feet and apparently the original 
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deposit contained a great many other pebbles besides those of lime- 
stone. The clay slakes in 3 minutes and is fairly plastic, requiring 29 
per cent of water for molding. Its pebbly character keeps its strength 
somewhat below 100 pounds per square inch. Its air shrinkage, how- 
ever, is nearly 7 per cent. The plant which has been working this 
clay for a local brick supply has a capacity of 20,000 brick per day, 
bat the product is a very weak red brick. 

Near Paynesville, a brick plant has been started to make use of a 
delta deposit on the shore of Eden Lake, near the mouth of the in- 
coming creek. This was used to a depth of 16 feet without finding 
bottom, and is known to extend over 8 acres with a much larger area 
under the water of the lake. Water had to be pumped from the pit 
which extended below the level of the lake, but the seepage through 
the clay was relatively slow. The clay slaked at once, was highly 
plastic and required 21 per cent of water for molding. It shrinks 3 
per cent on drying and has a tensile strength of about 150 pounds per 
square inch, even when rapidly dried. It burns to an excellent quality 
of red brick. The plant made stiflF-mud brick with a capacity of 30,000 
per day. 

STEELE COUNTY 

Deep well sections show the presence of Decorah and overlying 
shales at several localities beneath the drift, notably at Owatonna. 
Fire clay was reported a mile east of Owatonna.^ It is not now used. 

Half a mile west of the station of Meriden on the Northwestern Rail- 
road, is a deposit of clay several feet thick. It extends over at least 60 
acres, and resembles the loess, but, since it lies in a swamp, it is 
not all exposed and it may contain some glacial and recent sedi- 
ments in addition to the loess. The clay slakes at once and shows a 
rather low plasticity. It requires 27 per cent of water for molding, 
and its air shrinkage is less than 4 per cent. Burning tests yield a 
light brown brick, without much shrinkage, and with an absorption of 
30 per cent. Its range of vitriification, however, is only about 40** F., 
so that it can not safely be burned to a hard product. An analysis by 
Dr. E. P. Harding, of the University of Minnesota, is as follows : 

Analysis of Loess Clay 

Silica 60.00 

Alumina 11.45 

Iron oxides 3.90 

iHarrtnston, M. W., Final Ilep. Minnesota Geol. and Nat. Hist. Survey, Vol. 1, p. 
401. 
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Magnesia 4.05 

Lime 6.48 

Potash 4.09 

Soda 2.84 

Moisture 2.32 

The clay does not seem to be as promising as some of the other de- 
posits of loess. 

STEVENS COUNTY 

Stevens County has a cover of gray drift which, where modified 
by water action, as at Morris, makes fairly good brick. At other 
points brick could be made from the drift only after the removal of 
limestone, but recent lakes may contain some good clay. 

SWIFT COUNTY 

Types of clay, 3. Recent Alluvium 

2. Pleistocene Gray drift 

1. Archean residual clay 

Gray drift and its outwash are the chief deposits in the county and 
neither is very promising except for common brick. Alluvium is of small 
importance. Decomposed granite was found in a well at Benson at a 
depth of 400 feet, and drilled into for 300 feet. At Appleton and else- 
where decomposed granite is closer to the surface. At Benson some 
sandy surface clays in the nature of outwash or loess and surface wash 
were used for red brick, but were found too full of limestone for good 
products. 

TODD COUNTY 

Types of clay, 2. Recent Lake clays 

1. Pleistocene c) Gray lake clays 

b) Red drift 
a) Gray drift 

Most of the county is covered with gray drift and many attempts 
to use it have failed on account of the lime pebbles it contains. 

The most important of the laminated clays is a deposit on Sauk 
Lake, most easily reached from Sauk Center, in Stearns County, three 
or four miles to the south. The clay bank rises steeply from the 
shore of Sauk Lake to a height of 15 or 20 feet, and extends under 
the level surface several rods back from the top of this bank. The 
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clay directly underlies the soil, although in some places the upper 
beds are somewhat sandy. Pits have been opened at numerous points 
ilong^ the shore, and the section exposed varies considerably in differ- 
wX parts of the bank. Limey concretions occur in a few spots. It 
is reported that the best clay occurs at water level. This is gray in 
color, while the main part of the bank above water level is yellowish 
white. Warren Upham concluded^ that this clay accumulated in a 
diannel in the melting ice sheets while a large mass of ice still oc- 
cupied the basin of Sauk Lake. From the different clays in the bank 
a variety of products have been made, including both red and cream 
brick, hollow brick, terra cotta, and flower pots. Samples were taken 
of both the yellow and gray clays. The gray clay shows greater 
shrinkage and tendency to crack than the yellow clay. While the 
average air shrinkage is 3.5 per cent, the blue clay showed 5.5 per cent 
The average of the bank gave the following results : 



Cone No. 


Color 


Per Cent 
Shrinkage 


Percent 
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02 

2 
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Salmon 
Salmon 
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0.6 
1.0 
6.0 


21 
22 
14 






The clay burns hard at cone 02 (2030** F.), and becomes viscous at 
cone 3 (2184* F.). 

Mr. David Pangburn, who has taken the lead in the development 
of the deposits and in experimental work to show the availability of 
the clay, has now retired, and active work upon the deposit has been 
dropped. Plans are in progress for reorganizing the industry, and 
it is thought that with the large amount of good clay available excel- 
lent products will be turned out, and shipping facilities will be pro- 
vided. 

At Clarissa Spur, near the station of Clarissa, in this county, a 
plant is making use of a sandy laminated clay. The clay is known 
to be 12 feet thick with an overburden of only 2 or 3 feet, and ex- 
tends over several acres. The clay slakes in 4 minutes, and has a 
rather low plasticity, and an air shrinkage of less than 3 per cent. 
The tensile strength is nearly 150 pounds per square inch. The range of 
vitrification is from cone 1 (2100° F.) to cone 5 (2246° F.), or more. 
Brick are made by the soft-mud process and the plant has a capacity of 
10,000 brick pef day. 

From one to two miles east of Staples along the Northern Pa- 
cific Railroad, are several acres of laminated clay, known to extend 



^"Utfi^Mh, Wlairen, Pinal Rep., Minnesota Geol. and Nat Hist Snnrey, Vol. 2, p. 578. 
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to a depth of 6 feet. These have been worked at two brick plants for 
common red brick and are said to contain too many limestone con- 
cretions if worked to a greater depth. The plants have a combined 
capacity of about 40,000 brick per day, but they are not now in operation. 
The clay slakes in 2 minutes, is highly plastic, requiring 28 per cent 
of water for molding. The tensile strength is over 100 pounds per 
square inch, but there is danger of cracking if rapidly dried. The 
air shrinkage is nearly 6 per cent. Burning tests are as follows : 



Cone No. 


Color 


Per Cent 
Shrinka«:e 


Per Cent 
Absorption 


05 

OS 

01 

1 


Salmon 

Salmon 

Salmon 

Green 


1 
1 
2 


25 
23 
23 



The clay becomes hard at cone 03 (1994** F.), and is viscous at cone 
1 (2100" F.). 

At Birch Lake, in this county, the railroad passes the north shore 
of the lake about a mile east of town, and many years ago a brick 
plant made use of some laminated clay found along the shore. It 
may be in part a relatively recent formation, but is probably also 
partly of glacial age. The character of the clay is very similar to 
that at Sauk Lake, just described, but its extent is not well known. 

Just southwest of Burtrum, two brick plants have been built to 
use clays which consist of outwash from the drift. The beds are 
sandy and irregular, but can be traced over many acres, and are ex- 
posed in some places to a depth of 16 feet. The clay slakes at once, and 
its plasticity is low. It requires 21 per cent of water for molding, and 
shrinks about 5 per cent on drying. Its tensile strength is nearly 200 
pounds per square inch, though somewhat less if rapidly dried. The clay 
burns salmon-colored at low temperatures, but buff or green at higher tem- 
peratures, indicating the presence of considerable lime. This lime is prob- 
ably derived from wash from the gray drift, which extends nearly up to 
this point. The clay burns hard at cone 01 (2066° F.), and reaches viscos- 
ity at cone 4 (2210° F.). Neither of the plants is now in operation, 
although the material seems to be fairly good. 

In the midst of the gray drift in the morainic belts, there are a 
great many pot holes where the wash from the gray drift has ac- 
cumulated in swampy places. Two miles west of Long Prairie a 
brick yard has made use of some small deposits of this sort for a 
common red brick. The deposits are nearly worked out and it is not 
likely that others will be started as no others are so easily accessible. 
A similar deposit occurs about half a mile east of Eagle Bend, and 
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everal years s^o was used for a kiln of brick. It is small and con- 
uns many limestone pebbles. 

TRAVERSE COUNTY 

Types of clay, 2. Pleistocene Gray drift 

1. Cretaceous 

Gray drift somewhat modified by Lake Agassiz is the chief avail- 
able clay. 

There is an indication that a very large part of the county is 
underlaid by Cretaceous clay. Most of it, however, is covered with 
gliadal drift and is not readily accessible. Across the river, in South 
Dakota, is an exposure that was brought to our attention by Mr. A. 
Parker, of Brown Valley. The clay is at least 40 feet thick and prob- 
Hf much more, and extends for miles along the valley. It is a strati- 
fied day with blue and yellow layers and where it was sampled the 
l^acial drift above it is about 20 feet thick. It is in a situation favor- 
lUe for excavation, but is a mile from any railroad. The clay slakes 
b 4 minutes, and is highly plastic, requiring 34 per cent of water for 
■olding. It has a tensile strength of over 100 pounds per square inch 
Bfen if rapidly dried. It has the further desirable quality of developing 
Donsiderable strength after being slightly compressed even if it has 
been separated into several parts as in the auger machine. This is 
one of the few clays tested which developed this adhesive character. 
b air shrinkage is 11 per cent. Burning tests are as follows: 



Cone No. 


Color 


Per Cent 
Shrinkasre 


Per Cent 
Absorption 


06 

02 

2 

S 


Salmon 
Red 
Red 
Red 


4 
7 


9 
3 



tbt clay becomes too hard to be scratched with a knife somewhat 
klow a temperature of cone 010 (1742° F.), and is still undeformed at 
sone 3 (2174^ R). The range of vitrification is about 400°. If rapidly 
wated, there is organic matter enough present to cause swelling and 
he formation of a black core, but, if thoroughly oxidized, this can 
•e easily avoided. The analysis of the clay is given in Table II. 

WABASHA COUNTY 

jrpcs of clay, 3. Recent Alluvium 

2. Pleistocene b) Loess 

a) Gray drift 
1. Cretaceous 
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At the town of Wabasha a plant was in operation for about 1 
years on a deposit of loess loam on a terrace of the Mississippi Rive 
It has a thickness of 4 or 5 feet for at least 40 acres. Although tl 
loess is rather sandy, it produced a good red brick. About S0O,0C 
brick were manufactured per year, but work was stopped about 
years ago on account of poor market conditions. 

Half a mile from the station of Elgin, in this county, loess loai 
to a thickness of 12 feet overlies a deposit of stratified sand, over a 
area of 25 or 30 acres. A small hand mold brick plant has been i 
operation for over 30 years, and the capacity of the plant has bee 
about 250,000 bricks per season. A similar deposit occurs near tli 
station at Plainview, and was used for a time. 

The alluvial clays along the Mississippi River have not bee 
worked and it is unlikely that they will prove to be of much valu 
The gray drift covers most of the county, but is inferior to the loes 
and alluvium. 

Cretaceous clays probably exist in Wabasha County, althoug 
none have been seen in place. Small pieces of clay similar to th 
Cretaceous clays of Belle Chester and Clay Bank were observed i 
numerous places in the glacial drift. It is not improbable that carefi 
prospecting would result in the discovery of local deposits of Creta 
ceous clay in the northern part of the county, for example at Oak Centei 

WADENA COUNTY 

Several attempts have been made to use the common gray drifi 
but the limestone caused the usual difficulty and no one has estab 
lished the necessary process for removal of the pebbles. The tow; 
of Wadena is favorably situated for such an establishment. 

WASECA COUNTY 

Gray drift was formerly used for common brick at several sma 
yards. Possibly glacial or recent lake clays worth developing will t 
faond. The Decorah shale is buried deeply under the drift. 

WASHINGTON COUNTY 

T^pea of clay, 2. Recent Lake clay 

1, Pleistocene b) Red lake clays 

a) Red and gray dri 

ireat Lake Brick and Tile Company has a pit south of Fo 

long the Northern Pacific Railroad. This is situated i 

rhich is a little less gravelly than the usual type. At tt 
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plant the clay is ground, but limestone pebbles are not removed. 
The capacity is about 10,000 red brick per day. The clay slakes very 
promptly and shows a fairly high plasticity. Its air shrinkage is 
4 per cent and its tensile strength is about 125 pounds per square inch. 
Boming tests are as follows : 



O0S9 No. 


r>/iini> I*er Cent 
^^^^ Shrinkage 


Per Cent 
Absorption 


04 
•S 

M 

S 


T.lgrht Red 
Red 
Red 
Red 


"o.T 

1.0 


12 



The day becomes hard at cone 03 (1994° F.), and shows no sign of 
becoming viscous at cone 2 (2138° F.). Although it might be im- 
proved by the removal of the limestone pebbles, it seems to supply 
a satisfactory product after simple grinding. It must be burned, how- 
ever, to a fairly high temperature or the lime particles will greatly 
weaken the product. 

The plant was first built here to use red drift that was loaded on 
cars, hauled a quarter of a mile to a barge which transported it several 
miles across the lake. The cost of transportation was heavy and it 
was abandoned for the more accessible gray drift. The sample 
taken indicates, however, the excellent quality of the red drift of the 
r^on. It slakes at once and after the gravel has been crushed to 40- 
mesh, the plasticity is fairly high. The tensile strength is consider- 
ably over 100 pounds per square inch even after rapid drying. The 
water required for molding is 20 per cent and the air shrinkage 4.5 per 
cent. 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
AbsorpUon 


07 

06 

1 

S 


Red 
Red 
Red 
Red 


1 
2 

7 
8 


15 
14 
6 

4 



The clay becomes hard at cone 06 (1886** F.) and is approaching vis- 
cosity at cone 3 (2174** F.). 

At a point two or three miles south of the town of Afton, a sample 
of a clay that seems to be red drift was obtained. This is much less 
pebbly than the average red drift and shows the usual good range of 
vitrification. The material is not especially accessible to any of the 
large markets. 

At Stillwater, red laminated deposits occur along Brown's Creek, 
just above its mouth. These were described by N. H. Winchell^ 

iWlnohell, N. H., Final Rep., Minnesota Geol. and Nat Hist Survey, Vol. 2, p. 894 
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tripoli, because they were rather more gritty than most oi 

minated deposits discovered. Winchell, however, notes the i 

oility of its having an origin similar to that of the red lamir 

lays at St. Paul and elsewhere. The clay slakes in 1 minute, is 

/ery plastic, and requires only 20 per cent of water for molding. 

tensile strength is a little less than 100 pounds per square inch, but i1 

be dried rapidly without injury and even after it has been cut in tw 

again pressed together in the plastic state as in the auger machin 

shows considerable strength. The air shrinkage is only 2.2 per ( 

Burning tests are as follows : 



Cone No. 



Color 



Per Cent 
Shrinkage 



Per Cent 
Absorption 



05 

08 

01 

1 

8 



Salmon 
Salmon 

Red 

Red 

Red 



1 
2 
5 
6 



20 

17 

10 

8 



The clay becomes hard at cone 02 (2030° F.), and reaches viscosi 
at cone 2 (2138° F.). Analyses are given in Table IV (page 52). ( 
account of its low temperature of fusion, it was tested as a slip clay and 
preliminary tests it proved very satisfactory. 

Just south of Stillwater, the shores of Lily Lake consist of ' 
clays of a quality suitable for hard common red brick. T\\e\ 
known to exist to a depth of 10 feet over several acres. Th^v ^ 
conveniently situated as regards market. There is no raUroa 
the clay, and there is a steep hill between the lake an^ vt^ 
Stillwater. The excellent quality of the clay, however ; 
the following tests. It slakes in 2 minutes, and is very v^- .' 
requiriner 19 per cent of water for moldine. It shriri\^ ^^ 



3 per cent on drying and has a tensile strength of 
per square inch. Burning tests are as follows: 



shrin\^ 



^ a 



''^^ny 



Cone No. 


Color 


Per Cent 
Shrinkage 


06 

08 

1 

8 

S 


Salmon 
Red 
Red 
Red 
Red 


1.0 
2.0 
4.0 
5.5 



The clay bums hard at cone 02 (2030° F.) 
(2246^ F.). 




^^^ 
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Types of clay, 2. Recent . 

1. Pleistocene . • 




• • • • 
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In tlus county most of the surface material under the soil is typical 
gray drift* although the kettle holes and swamps contain some clay 
wished {rem the hills of gray drift. A sample of the drift, taken from 
Sec 13 near St. James, would require the removal of the limestone 
pdUdes for the successful production of brick or tile. 

The swamp clays seem to be of excellent quality. Samples were 
tdcen from a deposit 2 miles northeast of Madelia, where a brick yard 
operated some 13 years ago. Sand was mixed with the clay and 
the product made a light red brick. At Odin a similar deposit was 
saunpled. This has been thoroughly prospected but has not yet been 
developed. There are several acres of the clay known to be 16 feet 
thick. Burning tests at the Minnesota School of Mines Experiment 
Station gave the following results: 



Madelia Clay 



Cone No. 


Color 


05 

OS 

1 

8 

B 


Salmon 

Salmon 

Salmon 
Brownish gray 
Yellowish gray 



Per Cent 
Shrinkage 




1 
2 
% 



Per Cent 
Absorption 



24 

21 
14 



Odin Clay 



Cone No. 



Color 



Percent 
Shrinkage 



I'er Cent 
Absorption 



06 


Red 





15 




OS 


Red 


1 


14 




01 


Red 


8 


11 




2 


Red 


4 


7 




S 


Red 


5 


5 





Both these clays are highly plastic, dry safely to a strong brick, and 
show an excellent range of vitrification. 



WILKIN COUNTY 

Wilkin County has only the common gray drift modified north 
of Breckenridge by Lake Agassiz and the Red River. 

About a mile north of the town of Breckenridge, a brick yard has 
been operated occasionally since 1880 on clay which outcrops in the 
east bank of the river. The thickness of the deposit is known to be 
30 feet in some places, but as here exposed and weathered, only about 
10 feet are available. The clay slakes in 4 minutes, is highly plastic, 
and requires 23 per cent of water for molding. The air shrinkage is 
14 per cent and it has a tendency to crack in drying. It burns hard at an 
unusually low temperature, below 1700° F., and on being burned to 
higher temperatures has a further tendency to crack. 
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Three miles southwest of Winona is a deposit which shows the 
following section: 

Soil 6 inches 

Sandy yellow loess 2 feet 

Very plastic red clay 14 inches 

Plastic yellow massive clay 3j4 feet 

Stratified yellow sandy clay 4 feet 

A sample taken includes all of the section except the soil. Each 
day slakes in a very few minutes and develops a fairly high plastic- 
ity. The mixture requires 36 per cent of water for molding, has an 
air shrinkage of 10 per cent, and shows a strong tendency to crack on 
drying. When properly burned it forms red bricks which become 
hard at cone 010. (1742° F.). When rapidly burned, black cores de- 
velop and organic matter destroys the brick. If slowly burned it does 
not become viscous at a temperature of cone 02 (2030** F.). It has 
thus a range of vitrification of about 300° F. and can be burned safely 
to a fairly good hard product. 

Near the clay just described alluvium has accumulated along 
Bums Creek. This extends over more than 40 acres and is 12 to 14 
feet thick. The clay is blue-black and very plastic, and most of it is 
free from pebbles. The clay is used for mixing with the clays in the 
same neighborhood, but the plant is at a disadvantage in being lo- 
cated some distance from the railroad. The alluvial clay slakes in 4 
minutes and requires 23 per cent of water for molding. Its air shrinkage 
is 2.5 per cent. It burns salmon color at low temperatures, but becomes 
brown when well vitrified. It becomes hard at cone 01 (2066° F.), and 
is not yet viscous at cone 4 (2210° F.). About three million brick are 
produced each season at this plant. 

The Decorah shale occurs in a small area in the southwestern 
comer of the county, near the town of St. Charles, where it outcrops 
40 feet thick under 30 feet of drift. The shales of the St. Lawrence 
formation outcrop at Dresbach, but are thin. A sample taken does not 
slake, and retains a porosity of 20 per cent up to cone 4, when it becomes 
gray in color and hard. 

WRIGHT COUNTY 

Types of clay, 2. Recent b) Alluvium 

a) Lake and swamp beds 

1. Pleistocene b) Gray lake clay 

a) Gray drift 
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Gray drift covers most of the county. At Otsego an attempt to use 
the drift failed on account of the limestone contained. Two or three 
attempts have been made to use the deposits around Buffalo. Many 
thousand brick have been made from the upper leached portion of the 
drift where it is relatively free from limestone. 

At Dayton, near the mouth of Crow River, laminated clays, which 
show the usual characteristics, have accumulated in great quantity. 
A brick yard owned by Mr. Prosper Vassar has exploited these clays 
since 1880, and has thus far used only the upper leached portion of 
the deposit. This has a few limey concretions, but has yielded excel- 
lent common brick for local use. The lower blue clay is more plastic, 
requires more water for molding, and shrinks about three times as much. 
Burning tests of the yellow clay are as follows : 



Cone No. 


^^^^^ Shrinkajfe 


Per Cent 
Absorption 


04 

1 
3 
S 


Buff 
Buff 
Buff 
Buff 



2 
6 


84 

SO 
22 



The clay becomes hard at cone 1 (2100* F.), and shows no sign of vis- 
cosity at cone 5 (2246° F.). The underlying blue clay, which shows 
great shrinkage, shows also a lower temperature of vitrification, hav- 
ing apparently reached viscosity before the yellow clay has become 
hard. There was some tendency also towards the formation of black 
cores. At the brick yard, brick are molded with a stiff-mud machine, 
having a capacity of 30,000 brick per day. 

Up the river from this deposit, there is good laminated clay near 
St. Cloud, but between the two deposits, a mile or more from the .town 
of Hasty, is a deposit which appears to be similar but which behaves 
differently. Many of the brick check badly in burning. The sample 
taken slakes in 3 minutes and is very highly plastic, requiring 36 per 
cent of water for molding. It shows an air shrinkage of 10 per cent and, 
even when carefully dried, shows a tensile strength not over 10 pounds 
per square inch, indicating that the shrinkage had caused cracks which 
weakened it. Burning tests are as follows : 



Cone No. 



Color 



Por Cent 
Shrlnkagre 



Per Cent 
Absorption 



06 


Salmon 


2 


22 


05 


Salmon 


2 


24 


08 


Salmon 


3 


21 


1 


Greenish yellow 


10 


5 



The clay becomes hard at cone 06 (1886° F.), and had not yet reached 
viscosity at cone 1 (2100** F.). Apparently the only difficulty with 
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the day is the tendency to crack on drying, though there may be 
lome serious trouble from the laminated structure due to the auger 
machine, which is used in the manufacturing. These difficulties could 
be easily remedied if a more sandy layer could be found for mixing 
with the clay now used. 

At Annandale in the western part of the county, the Annandale 
Brick and Tile Company have built a plant on the Soo Line a mile 
east of town to use a deposit of laminated clay known to cover several 
acres, with a thickness of at least 15 feet. It is covered only with soil 
and has but few limey or ferruginous concretions. Traced for 200 
yards eastward along the track, it is found to be very much more 
sandy and of inferior quality. The clay where used is found to con- 
tain sufficient sand, so this sandy part of the deposit remains un- 
touched. In working and burning qualities, the clay seems to be ex- 
cellent, but some difficulty has been encountered at the plant in get- 
ting the clay to dry without cracking. 

In Sec. 27, T. 120 N., R. 25 W., which is about two miles and a 
half from Buffalo and a mile and a half from the railroad, there is a 
rather extensive swamp which has been drained by a state ditch. The 
material thrown out from this ditch contains fragments of shale in 
great abundance, and it is relatively free from limestone. It is notice- 
ably different from the gray drift as generally developed. Such ma- 
terial has not been noted in the present work in any other part of the 
State except in the neighborhood of Alexandria. The clay slakes at 
once, and is highly plastic, requiring 25 per cent of water for molding. 
Its air shrinkage is 5 per cent and its tensile strength is 150 pounds 
per square inch, though it checks rather badly on drying. Burning 
tests by the Minnesota School of Mines Experiment Station gave the 
following results: 



Cone No. 


Color 


Per Cent 
Shrinkage 


Per Cent 
Absorption 


04 

02 

1 

t 

6 


Red 
Red 
Red 
Red 
Red 


.6 
1.5 
8.5 
4.0 


17 
16 
14 
11 



The clay becomes hard at cone 02 (2030** F.), and shows no sign of 
becoming viscous at cone 5 (2246° F.). It has thus a range of over 
200® F. during vitrification, and the cross fracture of a well-burned 
brick suggests that it would be good material for paving brick. Simple 
laboratory tests show that it is both hard and tough. The deposit 
appears to warrant further prospecting. 

A lake deposit is formed along the shores of Lake Mary, 6 miles 
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from the station of Howard Lake. The material is mixed with coai 
sand available in the same neighborhood. Soft-mud red brick a 
manufactured at the rate of 250,000 per year. 

At Monticello, brick were made some years ago from a very san^ 
clay in the banks of the Mississippi River which is probably alluvitt 
The deposit seems to contain less than 20 per cent of clay substance, a: 
yields a common red brick of poor quality. 

YELLOW MEDICINE COUNTY 

Yellow Medicine County is covered with gray drift. Brick wt 
once made near the town of Yellow Medicine. 
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INTRODUCTION 
By W. H. Emmons 

The natural economic assets of an area, such as its soils, clays, build- 
ing stones, iron ores, etc., all bear a direct relation to the geological fea- 
tures of that area, and a rational discussion of such assets must give 
due importance to the geological history and environment of the area 
which contains them. The last, and, therefore, from the standpoint of 
the soils and surface features of the country the most important, great 
geological event that has affected this area is the invasion of sheets 
of ice that moved southward from the Canadian highlands carrying with 
them rocky material which they had gathered in the north. When the 
ice melted it left large quantities of rock and soil and in the area here 
described this material nearly everywhere now forms the surface. 

The last great ice sheet that covered this area melted very slowly 
and the southern part was melted long before the northern part. The 
ice that still remained in the north formed a great dam which held back 
the drainage of the Red River Basin and formed a large lake which is 
called the glacial Lake Agassiz. This lake overflowed southward through 
the Minnesota River and into the Mississippi. These conditions en- 
dured through a long period and this lake was partly filled with material 
that washed into it and its bottom was washed and smoothed over by 
waves and shore currents. Later, when at the north the ice dam melted, 
the lake was drained to the north, and its bottom now forms one of the 
largest and richest agricultural r^ons of the world. This lake was 
drained very gradually, however, its level remaining stationary through 
considerable periods so that gravel beaches were formed here and there 
along its shores. These gravel beaches supply material for roads and 
they furnish also attractive building sites for farmhouses and bams. 

After the ice had melted, large swamps and marshes occupied poorly 
drained portions of the region and many of them remain to the present 
day. The drainage and reclamation of these lands is one of the most im- 
portant problems of this region. 

The great productivity of Minnesota soils is due, not only to their 
recent origin by reason of which nearly all of them still contain the 
soluble mineral foods for plants, but also to a very favorable climate. 
The low temperatures which frequently prevail during certain periods 
in winter make for healthful conditions for animal life and they also 
benefit plant life. The rainfall, though not excessively great, is sufficient 
and, since most of it occurs during the growing period, drouths are rare 
and crop failures almost unknown except in the more sandy soils, which 
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are, however, adapted to quick-growing crops like potatoes. As shown 
herein, the length of the crop-growing season, that is, the time between 
late spring frosts and early autumn frosts, is between 100 and 170 days 
for all except the extreme northeast comer of the State, and in the 
southern half is nearly everywhere above 130 days, a period that is ample 
for growing the highly productive crops of Indian com. The long days, 
high proportion of sunshine, and the moderate humidity are all favorable 
to plant growth. 

This bulletin is a preliminary paper which treats the soils of only 
the northwest quarter of Minnesota. It will be followed by a report on 
the entire State, the field work for which will soon be completed. The 
work has been done in accordance with the agreement for cooperation 
between the United States Geological Survey and the Minnesota Geo- 
logical Survey, entered into March, 1912. By this agreement the serv- 
ices of Professor Frank Leverett were secured for surveying the sur- 
face formations and soils. Mr. Leverett has been engaged for some 
twenty years in studying the surface geology of the Great Lakes r^on 
and because of his large experience in the greater area he is particu- 
larly well prepared to undertake the studies in Minnesota. He has spent, 
moreover, considerable time in the State studying its physiography in con- 
nection with the preparation of a monograph for the United States Geo- 
logical Survey. Since the reorganization of the State Survey, the salary 
of Mr. Leverett has been met by the United States Geological Survey, 
while the greater part of his expenses have been paid by the State Survey. 
The State Survey has provided also for this work the services and ex- 
penses of Professor F. W. Sardeson, who has assisted in this work 
for the past three seasons. For brief periods, also, the State has sup- 
plied the services of Arthur H. Elftman, P. R. McMiller, and G. R. Mc- 
Dole. We wish to acknowledge the generous assistance of the Division 
of Soils of the Department of Agriculture of the University of Minne- 
sota and of the United States Bureau of Soils, both of which have con- 
tributed unpublished data. The valuable contributions to the knowledge 
of the surface formations of Minnesota by the Minnesota Geological and 
Natural History Survey, under the direction of Professor N. H. Win- 
chell, particularly those of Mr. Warren Upham of that Survey, have 
aided greatly in the preparation of this report. The section on climatic 
conditions in Minnesota has been generously contributed without any 
cost to the Survey by Mr. U. G. Purssell, Director of the Minnesota Sec- 
tion of the United States Weather Bureau. In the preparation of the 
maps and other data showing dates of killing frosts, lengths of growing 
season, rainfall, etc., Professor C. J. Posey has rendered efficient service. 

The cost of preparation of this report has been met by the Minne- 
sota Geological Survey and the United States Geological Survey. This 
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bulletiii is printed by the Minnesota Geological Survey. Arrangements 
will be made so that land and colonization companies can secure tHese 
reports at actual cost of printing, and it is expected that this arrange- 
ment will secure a wide distribution. The maps are not intended to be 
used as a basis for the purchase of land; they do not give an accurate 
description of each forty-acre tract or each section, but they show the 
general classification of the land, its climate, and its surroundings. 



SURFACE FORMATIONS AND AGRICULTURAL 
CONDITIONS IN NORTHWESTERN 

MINNESOTA 

By Prank Lbvsrbtt 

FIELD WORK AND ACKNOWLEDGMENTS 

This report treats particularly the northwest quarter of Minnesota^ 
but a brief general description of the surface features and deposits of 
the entire State is given because the larger area makes a more natural 
unit for purposes of description. For this reason, also, Mr. Purssell has 
discussed the climate of the entire State. In this report no attempt is 
made to measure the crop-growing capacity of any class of soil, or the 
adaptation of certain soils to particular crops. These matters fall natur- 
ally to the Department of Farm Management It seems pertinent, how- 
ever, to note that soils which are classed as light may under intelligent 
management be made to yield returns which compare favorably with the 
yield from heavier soils. The sandy areas shown on the map which ac- 
companies this report thus afford an inviting field for experimentation. 
The drainage and utilization of the great swamps constitute another large 
field for intelligent operation. 

The productiveness of a soil usually has some relation to its origin 
and to underground conditions. It therefore means more to say that a 
given soil is a glacial lake clay or a lake sand than merely to call it a 
clayey soil or a sandy soil. If formed of the very productive wind- 
deposited material called loess, there is an advantage in making this 
appear in the name rather than merely to term it a silt loam. So also 
the pebbly clay loams and pebbly sandy loam of the glacial deposits may 
have one degree of productiveness in a level till plain and quite another 
in a hilly moraine. It is for this reason that pains have been taken 
in the legend of the map to set forth the geologic as well as the soil 
names. Another reason for this mapping and description is that the 
method of the work is genetic rather than analytic. It deals with the 
origin of the formations in larger divisions rather than with the physical 
conditions section by section and area by area. It is not sufficiently de- 
tailed to justify the purchase or sale of the land from an examination 
of the map alone. It gives, however, an accurate general classification of 
the land and its surroundings. 

The field work of this report on Minnesota was begun in 1906. The 
writer has devoted to this work a considerable part of each field season 
to 1914, except 1908. Field assistance has been rendered four seasons 
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by Frederick W. Sardeson as geologist, and one season each by Rollin T. 
Chamberlin and Earl R. Preston as field assistants. Arthur H. Elft- 
man furnished valuable information and accompanied the writer for a 
brief period in 1913 into the wild portion of the State with which he 
was especially familiar from work on an earlier State Survey. Field 
conferences have been held also with members of the United States 
Bureau of Soils and of the State Department of Agriculture. The map 
and report on Pennington County and part of Polk Cotmty here pre- 
sented is based largely upon the work of the Bureau of Soils. In the 
preparation of this report much aid has been derived from the mono- 
graph on the glacial Lake Agassiz by Warren Upham and from the re- 
ports of counties in the Final Reports of the Geological and Natural 
History Survey of Minnesota. Free use has been made also of the re- 
ports and maps of the State Drainage Commission. 



CHAPTER I 
TOPOGRAPHY OF MINNESOTA 

GENERAL FEATURES OP THE DRIFT 

Minnesota presents more variety in surface features than most of 
the North Central states, though a great part of it has a level or gently 
undulating surface. The flattest portion falls largely in the northwest 
quarter of the State and was once the bed of a great lake known as 
glacial Lake Agassiz, held in on the north by a sheet of ice or great 
glacier. The roughest portion is in the northeast quarter which is trav- 
ersed by volcanic formations and adjacent iron-bearing ranges. In the 
southeast part along the borders of the Mississippi River there are tribu- 
tary valleys from 300 to 600 feet deep cut in horizontal beds of sandstone 
and limestone of that district. There is an elevated area in the southwest 
part rising in places to over 1,900 feet above sea level, but it has a rela- 
tively smooth surface because the inequalities of the rock surface are 
concealed under a great deposit of drift. The interior of the State has 
features due entirely to the ice, or great glacier, and its melting waters. 
It comprises a complex system of undulating to hilly moraines,, sandy 
outwash plains, and clayey till plains, whose extent and distribution bear 
definite relation to the melting of glaciers that overspread the r^on. 

At and beneath the border of the ice, systems of interlocking ridges 
and knolls with inclosed basins and lakes, were formed at certain definite 
lines where the edge of the ice held its position for a relatively long 
time. These systems are the moraines. The ice border, after long hold- 
ing its position at one of these moraines, would recede somewhat rapidly 
to anotlier position and there halt long enough to build up another mo- 
raine and so on step by step until the ice had disappeared from the State. 
On the outer border of a moraine there is often a plain of sandy gravel 
spread out as an outwash by waters escaping from the ice. On the 
inner border there is usually a clayey plain known as till plain which 
was ice-covered during the development of the moraine. 

Large areas were covered by lakes as the ice was melting away, and 
thus much of the drift has been lake-washed and rendered somewhat 
smoother than the unmodified glacial deposits. Many of these lakes have 
disappeared because their shallow basins have been filled up. 

ALTITUDE 

In Minnesota altitudes range from 602 feet, the level of Lake Su- 
perior, up to 2,230 feet on high knolls in western Cook County. The 
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period 1895 to 1913 inclusive, is 41.7^, as shown in Table I and graph- 
ically by Figure 1. The highest annual mean temperature, 43.9®, oc- 
curred in 1900, and the lowest, 39.9"*, in 1912. The departure of the 
average temperature of any year from the normal may readily be deter- 
miiied by comparing the yearly average with the mean at the foot of the 
cohmm. 



T0bU I. 


Monthly and Annual Mean Temperature for Minnesota (Degrees Fahrenheit) 




Jan. 


Feb. 


Mar. 


April 


May 


June 


July 


Aug. 


S«pt. 


Oct. 


Nov. 


Dec. 


Year 


IMS 








49.9 
44.5 

43.7 
43.5 
44.0 
49.5 
46.7 
42.6 
43.3 
38.8 
42.0 
47.9 
34.7 
45.2 
35.8 
48.0 
42.7 
45.5 
46.4 
41.2 


56.9 
60.9 
55.2 
55.6 
55.1 
59.9 
58.2 
57.0 
55.7 
55.4 
52.6 
53.7 
45.5 
53.9 
53.2 
51.6 
59.8 
55.9 
52.7 
57.6 


64.6 
66.5 
62.5 
67.0 
65.4 
66.8 
65.5 
61.3 
62.3 
63.2 
63.0 
63.7 
63.3 
62.5 
65.0 
67.8 
69.7 
62.5 
67.4 
64.6 


67.8 
69.9 
71.6 
69.8 
70.2 
68.8 
74.7 
69.7 
67.2 
66.0 
67.3 
68.3 
68.2 
69.4 
69.2 
70.6 
68.2 
68.5 
67.3 
72.4 


67.4 
67.9 
64.2 
66.9 
69.1 
74.3 
69.8 
65.2 
63.6 
64.9 
68.9 
68.7 
66.1 
65.5 
70.9 
65.8 
64.0 
63.9 
69.2 
66.1 


61.5 
54.3 
65.3 
60.6 
56.4 
58.2 
57.3 
55.2 
55.5 
57.4 
61.9 
63.3 
55.9 
64.2 
58.7 
58.4 
56.7 
57.2 
58.6 
60.0 


41.4 
42.4 
50.0 
42.9 
49.0 
55.1 
49.2 
47.1 
46.1 
47.4 
43.5 
45.7 
45.4 
47.0 
44.7 
50.8 
43.4 
47.5 
42.7 
52.6 


27.8 
18.0 
26.6 
26.6 
39.6 
25.4 
28.8 
33.3 
27.3 
36.7 
33.1 
30.7 
31.7 
33.8 
33.8 
25.3 
20.2 
33.9 
36.9 
33.0 


18.3 
20.3 
12.3 
11.9 
17.9 
18.6 
13.0 
12.6 
9.8 
16.7 
20.6 
15.9 
21.3 
17.5 
10.0 
14.7 
19.4 
20.0 
26.1 




It96 


12.3 

7.2 
18.3 

9.9 
18.4 
13.2 
15.9 
11.3 

4.5 

5.6 
17.0 

3.8 
16.4 
10.5 
11.8 

5.4 
-6.7 

7.2 
16.9 


17.9 

15.3 

16.4 

4.5 

5.2 

10.0 

15.5 

10.6 

2.3 

8.9 

13.8 

14.8 

17.9 

13.7 

7.5 

16.6 

10.6 

8.6 

2.8 


21.4 
20.7 
30.3 
14.7 
23.4 
27.3 
34.0 
29.6 
24.8 
33.7 
20.6 
28.7 
26.4 
26.1 
41.7 
32.7 
19.8 
20.4 
26.6 


41.6 


It97 


41.2 


ItM 


42.2 


1199 


41.2 


1900 

1901 

1902 


43.9 
42. a 
42.6 


1903 

1904 


40.3 
40.1 


190S 


41.5 


1906 


42.0 


1907 


40.1 


1900 

1909 


43.4 

41.0 


1910 


42.8 


1911 


41.6 


19ia 


39.9 


1913 


42.0 


1914 










ffB9B&# • • • 


10.5 


11.2 


26.5 


43.8 


55.3 


64.7 


69.3 


67.1 


58.8 


46.5 


30.1 


16.7 


41.7 



The coldest month is January, which has a mean temperature of 
10.5*^, although the average for February is only 0.7® higher. In a 
great many instances February has averaged colder than the preceding 
January. This condition occurred in the seven successive years from 
1898 to 1904 inclusive. Average January temperatures are plotted on 
Figure 2. 

July is the warmest month, with an average temperature of 69.1°, 
although in a few years the mean temperature for June or for August is 
higher than for July of the same year. Average July temperatures are 
{dotted on Figure 3. 

The highest summer mean, 70.0®, occurred in 1900 and 1901. The 
coldest summer was that of 1903, with an average of 64.4®. 

The wannest crop-growing season (April to September inclusive) 
of the eighteen years under discussion was in 1900, when the average 
ivas 62.9®, and the coldest was in 1907, with an average of 55.6®. 

The warmest winter (December to February inclusive) was in 1907-8, 
irhen the mean temperature was 18.5®. The coldest was in 1903-4, with 
amean temperature of 5.5®. Table II shows also the warmest and coldest 
spring and autumn. 

In Figures 4 and 5 are shown the highest and lowest temperatures 
wer recorded in the various counties where records have been kept. 




FIGURE 4. MAP SHOWING HIGHEST KNOWN TEMPERATURES IN MINNESOTA 

(degrees FAHRENHEIT) 
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5. map showing lowest known temferatx7res in minnesota 

(degrees Fahrenheit) 
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From these figures it can readily be seen that the extreme range of tem- 
perature is from 107** at Grand Meadow and Milan, to — 59° at Leed 
Lake Dam and Pokegama Falls. Temperatures above 100° have beea 
recorded in all counties except those about the headwaters of the Missis- 
sippi River, and in the country immediately bordering on Lake Supe- 
rior. Temperatures of — 40° have occurred in nearly all northern and 
central counties and in a few southern counties, but these great extremes 
do not occur frequently. 

Tablg II. Seasonal Temperature* for Minnesota {Degrees Fahrenheit) 



Year 


Winter 
mean 


Spring 
mean 


Summer 
mean 


PaU 
mean 


April to Sept 
indoaiTe 

(crop-groiiiaff 
season) 


1895 










61.4 


1896 


16.2 
14.3 
15.7 

8.8 
13.8 
13.9 
14.8 
11.5 

5.5 
10.4 
17.1 
11.5 
18.5 
13.9 

9.8 
12.2 

7.8 
11.9 
15.3 


42.3 
39.9 
43.1 
37.9 
44.3 
44.1 
44.5 
42.9 
40.0 
42.8 
40.7 
36.3 
41.8 
38.4 
47.1 
45.1 
40.4 
39.8 
41.8 


68.1 
66.1 
67.9 
68.2 
70.0 
70 .t) 
65.4 
64.4 
64.7 
66.4 
66.9 
65.9 
65.8 
68.4 
68.1 
07.3 
65.0 
68.0 
67.7 


38.2 
47.3 
43.4 
48.3 
46.2 
45.1 
45.2 
43.0 
47.2 
46.2 
46.6 
44.3 
48.3 
45.7 
44.8 
40.1 
46.2 
46.1 
48.5 


60.7 


1897 


60.4 


1898 


60.6 


1899 


60 


1900 


62.9 


1901 


62.0 


1902 


58.5 


1903 


57.9 


1904 


57.6 


1905 


59.3 


1906 


60.9 


1907 


55.6 


1908 


60.1 


1909 


58.8 


1910 


60.4 


1911 


60.2 


1912 


58.9 


1913 


60.3 


1914 


60.3 






Mean 


12.8 


41.7 


67.0 


45.3 


59.8 







Frosts, — Although frosts have occurred in some portions of the State 
every month of the year, damaging temperatures are not to be expected 
during June, July, and August, and they are comparatively rare in the 
last half of May and the first half of September. Records of ten or 
more years are available from a large number of places in the State, 
of which charts have been constructed showing the average date of the 
last killing frost in spring and the first one in autumn. Using these dates 
as boundaries, we can mark the average beginning and ending of crop 
growth and determine the average length of the growing season. All of 
this information is graphically shown in Figures 6, 7, and 8. By refer- 
ence to Figure 8 the influence of Lake Superior in lengthening the crop- 
growing season in its vicinity may be seen; while in the same latitude 
in the highlands of Hubbard, Becker, eastern Mahnomen, and Clearwater 
counties the season is twenty to thirty days shorter. The longest season, 
160 days, obtains along the Mississippi River from Hennepin County 
to the southeastern comer of the State, and the shortest, 100 days or 
less, is in the region of the Mesabi and Vermilion Iron Ranges. 
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PredpUatioH. — The annual average precipiution of the State as a 
whole for a period of eighteen years, 1896 to 1913 inclusive, is 27.72 
inches, and for the crop season, April to September inclusive, for nine- 
teen years, 1895 to 1913, is 20.16 inches. The monthly, seasonal, and 
■nnnal averages for this period are shown in Table III. The year with 
ttie greatest annual rainfall was 1905, when the total was 33.10 inches. 
The driest year was 1910 with 14.73 inches. In that year the rainfall 
during the crop-growing season was 11.25 inches. 

r«M* IV. Avne* UemtUy m' Amuat Prttifillien by Drdnaa* Dittriiti 



June is the wettest month with an average rainfall of 4,18 inches, 
and July is next with 3.79 inches. The lowest monthly rainfall is that 
of February with an average of 0.66 inch. The greatest rainfall in one 
month for the State as a whole was 8.34 inches in June, 1914. The 
West raiafall for any month was .05 inch in December, 1913. 

The geographic distribution of annual and monthly precipitation is 
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the district between Branson and Pelan, and b still hrgdj in a wild state. 
The areas in the northeast part of the coon^ and northeast of Bronson 
have only a nxxlerate number of bowlders. Tbcj e uinjt c modi wet land 
which is as yet only partially drained by artificial ditches 

The sandy land varies greatly as to agricnhnral cooditioos. The old 
shore lines are rather barren because of the relief wfaicii they have above 
the bordering plains and consequent depth of the water taUe. The 
sandy plains* for a few miks from the western edige, are generally un- 
derlaid by day at very slight depth and thus have a water taUe suffi- 
ciently near die surface to supply moisture for the crops^ In fact some 
of the sandy land on tint immediate border of the bbck day knm, as 
already noted in die general discussion of die r^gioor is preferred as 
farm land because of its loose tcsctnre and easy cnkivatioD. In the north- 
em part of the county the sandy land is so interspersed with marshes 
that systematic diu hi i ^ will be necessary to render it suitable for f arm- 
mg. There is an area of sandy land extcndxz^ frcxn Bronson southward 
past Hahna to die county line with large mmibcrs of surface bowlders, 
a radier rare feature on so sandy a soiL The p re se n ce of die bowlders 
inc9ca:cs that die sand may be largely of giacial dqioskion. The prodnc- 
tr ie ae&S' of the deposit is also greater than in die on&my lake sand. 
It is extcnsrrely cultivated for potatoes and other root and vegetable 



fands in the eastern part of the county generally have 
DDnck to a depth of fnxn ^ to 6 feet or more^ beneath 
wca± ±ere -s astnUy a cLiyey gtica.! iercsit. The swamps in die north- 
are isore siersenllv zrr.'ierjit'i bv s 



?«^:«m^ c: az^d inri r: fxrris 52.3 

Fttrosro^ cf :xrt:i Jirtc rrrnr^J^i 77-2 

Av^rw:^ icr^ per fxrrz 307.5 

Av?;n;j^ rarrov^ xcr«? r^r firr: 257.5 

Wutf ct jl'T rxr=r rraMrtv. . . . $13w"'50-5J(}.Oi? 

r^n^rrti^ of ^Ar: srx^ .-W. . - lIOo 

:vi^ rrc f,*n^^ SI"9jS?5-0D 

V<g!«fci>ic< S^I.007.00 

FVuifc? xV *?ixc$ S"27.0P 
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It should be noted that the prices of farm lands have made a marked 
advance since 1910, so that the average value for the bare land in 1914 
is likely to be nearly $40.00 per acre, and for land with improvements 
fttUy $50.00 per acre. The black clay loam of the western part of the 
coimty will probably now average nearly $75.00 per acre, if the land 
carries with it good buildings and improvements. 

The most complete settlement is on the black clay loam and the 
neighboring tracts of sandy land and stony clay loam in the western 
part of the county, and in the southeast part of the county along the 
Soo Railroad. But farms are rapidly being developed over the remainder, 
of the county and the large swamps are being drained preparatory to 
settlement. 

ROSEAU COUNTY 

Roseau County lies next to the Manitoba line and extends from Kitt- 
son County to Lake of the Woods. It is entirely within the limits of 
the glacial Lake Agassiz and consequently has soils formed from lake de- 
posits or from lake-washed glacial deposits. There is, in its northwestern 
part, a considerable area of lake clay and clay loam with black soil similar 
to, and yet isolated from, the area of black clay loam of the Red River 
Valley. The greater part of the cotmty has soils formed on lake-washed 
glacial material. Old shore lines and associated sands are, however, 
conspicuous in the southeastern part of the county, and such a shore 
line is followed by the Great Northern Railroad from Greenbush nearly 
to Roseau. There are very extensive swamps in the northern and the 
southeastern parts of the county on which considerable ditching has 
been started preparatory to settlement. A great body of first-class land 
extends from the southwest part of the county northeastward past Roseau 
to the south fork of Roseau River. 

The following estimated percentages of each class of land were com- 
puted from field maps. The general map accompanying this report (see 
Plate I) sets forth their distribution. 

Percentages of Classes of Land in Roseau County 

Per cent 
Sq. miles of county 

Black clay and clay loam, lacustrine 170 10.2 

Sandy deposits of old lake shores 210 12.6 

Stony or pebbly sandy loam, lake-washed drift 270 16.1 

Stony or pebbly clay loam, lake-washed drift 470 28.1 

Swamp, largely peat covered 550 33.0 



Totals 1,670 100.0 
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Other grains and seeds $111,4^00 

Hay and forage $163/121.00 

VcgetaUes $64^23.00 

Fraita and nuts $270.00 

All odier crops $49;27 1 .00 

Total crop value $818^56.00 

Farm land prices have made a material advance since 1910, much of 
the good land now being held at from $40.00 to $50.00 per acre. 

MAKSHALL COUNTY 

Marshall County lies immediately south of Kittson and Roseau coun- 
ties. It extends about 70 miles east from Red River and has a width 
from north to south of 25.5 miles. The area, as given in the census of 
1910, is 1,788 square miles. It is wholly within the limits of the glacial 
Lake Agassiz and its classes of land are therefore restricted to lake 
deposits and lake-washed glacial deposits. Much of the stony clay loam 
hnd was poorly drained and was classed as swamp land before artificial 
drainage was established. But only a small part of it has a peaty cover 
and on that the peat is but a few inches in depth. This land, when 
properly ditched, can scarcely be distinguished from the areas that were 
originally classed as dry land. The swamp land with peat cover lies 
mainly along the northern edge of the county east from the Soo Railroad. 
There are smaller areas east and south of Mud Lake, and others among 
the sand ridges east of Viking. The peaty swamp land, however, is 
estimated to occupy only about 10 per cent of the area of this county. 

The following percentages of each class of land have been computed 
from field maps, and their distribution is shown on the general map 
(Plate I). 

Percentages of Classes of Land in Marshall County 

Per cent 
Sq. miles of county 

Black clay and clay loam, lacustrine 450 25.2 

Sandy deposits, of old lake shores 315 17.6 

Stony or pebbly sandy loam, lake-washed drift 175 9.8 

Stony or pebbly clay loam, lake- washed drift 665 37.2 

Swamp land 183 10.2 



Totals 1,788 100.0 

The large body of pebbly clay loam in this county, when given proper 
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lake-washed glacial material. There is a strip of light sandy land od 
its west border in connection with some of the lower shore lines of Lake 
Agassiz. The borders of Red Lake Valley, of Clearwater Valley and of 
its main tributaries, Lost, Hill, and Poplar rivers, have generally a sandy 
or sandy loam soil, but the greater part of the cotmty has a pebbly clay 
loam soil, much of which is sufficiently well drained to be suitable for 
cultivation. There are few places where bowlders are so numerous as 
seriously to impede cultivation. Some of the sandy land along Clearwater 
and Reid Lake rivers, in the vicinity of Red Lake Falls, is underlaid at 
slight depth by a lake clay and the sand itself is exceedingly fine-textured. 
Land of this dass is as productive as any in the county. The swamp 
land is chiefly in the eastern end of the county, and has usually a thin 
growth of peat over glacial material of variable constitution, with abrupt 
changes from sand or gravel to pebbly clay. 

The following percentages of each class of land have been computed 
from field maps, and their distribution may be seen on the accompanying 
general map. 

Percentages of Classes of Land in Red Lake County 

Per cent 
Sq. miles of county- 
Sandy and silty lake and stream deposits 110 25.4 

Pebbly sandy loam, lake-washed drift 45 10.4 

Pebbly clay loam, lake-washed drift 250 58.0 

Swamp , 27 6.2 

Total 432 100.0 

There is a somewhat uniform but rather sparse settlement all over 
this county, scarcely half of its area being in farms, and less than one- 
third under cultivation. The land would easily support double or treble 
its present population for it is nearly all of good quality. 

Farm and Crop Data for Red Lake County from the Census of 1910 

Percentage of land areas in farms 45.4 

Percentage of farm land improved 61.5 

Average acres per farm 238.0 

Average improved acres per farm 189.8 

Value of all farm property $3,711,300.00 

Cereals produced in 1909 $363,671.00 

Other grains and seeds $79,828.00 

Hay and forage $94,537.00 

Vegetables $24,028.00 

Fruits and nuts $119.00 

All other crops $12,180.00 
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POLK COUNTY 

PoQc County, of which Crookston is the county seat, lies south of 
Marshall and Red Lake counties, and extends from Red River eastward 
nearly 70 miles. Its area, as given by the census of 1910, is 1,980 square 
miles. Its greatest width is at the west in Red River Valley, and nearly 
half its area has the lacustrine black clay and clay loam. An area of 
about 500 square miles in the southeastern part lies outside the limits 
of the glacial Lake Agassiz. 

A survey and map of the southwestern part of the county, around 
Crookston, has been made by the Bureau of Soils of the United States 
Department of Agriculture.^ It is chiefly in the area of black clay and 
clay loam bordering Red River, but its eastern part extends up over some 
of the lower beaches and associated sandy strips of Lake Agassiz. The 
northeast part of the map includes a few square miles of stony sandy 
loam (Benoit fine sandy loam and Benoit loam), a glacial deposit modi- 
fied more or less by lake action. In the eastern part there are very 
bowldery areas of lake-washed pebbly clay, classed in part as Benoit loam 
and in part as Sioux gravelly loam. They are very different from the 
lake beaches which are composed of sandy gravel and are classed as 
Sioux gravelly sandy loam. It has been found necessary, therefore, in 
the present map to depart somewhat from the soil map, in this eastern 
part of the Crookston area, and make a clear distinction between the lake 
beaches and the bowldery plain. A large part of the Fargo fine sandy 
loam of the Crookston area soil map is a deposit such as in other coun- 
ties of the present report has been classed and represented on the map 
as lake sand. It has a light soil easily affected by drouth and requiring 
intelligent cultivation. 

The classes of land represented in Polk County include two t3rpes 
of land-laid moraine, the sandy and the clayey, and plains of till or 
pebbly clay loam, which like the moraines stand above the limits of the 
glacial Lake Agassiz. The moraines are of a pronounced knob and basin 
type with numerous small lakes, ponds, and swampy depressions 
among the knolls and ridges. The till plains are also diversified by small 
lakes and ponds occupying shallow basins. A few of these are capable 
of drainage at moderate expense, but the majority have beds below the 
neighboring drainage lines. Some of the lakes have been partly and 
others almost completely filled by peaty growths. The extensive swamps 
are chiefly in the northeastern part of the county on the plain covered 
by Lake Agassiz, those outside the limits of the old lake being usually 
too small to admit of representation on the small scale here adopted. 

'Mangnm, A. W., and Schrocder, F. C, Soil sunrey of the Crookston area, Minnesota: 
Field operations of the Bureau of Soils 1906. 
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aggregate for each township follows. The border between lake and 
swamp is in many cases so indefinite on the topographic sheets that sepsr 
rate estimates have not been made. 

Percentage of Lakes and Szvamps in Certain Townships of Northern 

Ottertail County 



Western third of T. 137, R. 38 W 3.6 

Western third of T. 136, R. 38 W 5.6 

Western third of T. 135, R. 38 W 6.2 

Western third of T. 134. R. 38 W 1.7 



T. 137 N. 
T. 136 N. 
T. 135 N. 
T. 134 N. 
T. 137 N. 
T. 136 N. 
T. 135 N. 
T. 134 N. 
T. 137 N. 
T. 136 N. 
T. 135 N. 
T. 134 N. 
T. 137 N. 
T. 136 N. 
T. 135 N. 
T. 134 N. 
T. 135 N. 
T. 134 N. 
T. 135 N. 
T. 134 N. 



R. 39 W 11.4 

R. 39 W 5.9 

R. 39 W 16.6 

R. 39 W 18.9 

R. 40 W 14.6 

R. 40 W 162 

R. 40 W 20.4 

R.40W 20 

R. 41 W 9.5 

R. 41 W 14.6 

R. 41 W 23.1 

R. 41 W 12 

R. 42 W. (two thirds of township) 10.6 

R. 42 W. (five sixths of township) 20.9 

R. 42 W. (33 square miles) 12.8 

R. 42W 12.5 

R. 43 W. (south half) 3.6 

R. 43 W 11.9 

R. 44 W. (15 square miles) 2.8 

R. 44 W. (30 square miles) 6.7 



PcrccBt 
lahaaal 



30 

47 

51.6 

14 

32 

17 

46 

52.5 

40 

45 

56.6 

55.5 

27 

40.5 

64 

33.3 

44 

70 

39 

34.7 

20 

18.66 
22.3 
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Becker County lies north of Ottertail County and embraces 40 town- 
ships, or 1,440 sections. The number of square miles, as estimated by 
Upham in his report on Becker County for the Geological Survey of 
Minnesota, is 1,445.41. Upham also estimated the area of lakes in this 
county to aggregate 137.5 square miles, thus leaving a land area of 1,306 
square miles. The swamp land as estimated by the present writer 
amounts to about 250 square miles. 
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^^nv M^ Cr^ Daia for Becker ComUy from ike Ceutms of 1910 

Fercentafe c4 had zreak, in farms 41.1 

Percentafe of iann fand tnq^rovcd 5Q.4 

Average acres per farm 1712 

Arerafe improred acres per farm 86l3 

Vakie of all farm property $11795,4iaOO 

Percentage of increase since 1900 1242 

Cereals produced in 1909 |976^176X)0 

Other grains and seeds $64345X)0 

Hay and forage $300g673JOO 

Vegetobles $10^164.00 

FruiU and nuts $6^045.00 

All other crops $10^225.00 

Total crop value $1^56328.00 

MAHNOMEN COUNTY 

Mahnomen County was organized from a part of Norman County 
in 1906 and embraces the greater part of the White Earth Indian Reser- 
vation, there being sixteen townships or 576 square miles in the county. 
The western half is almost entirely a clayey till plain and this plain 
extends a few miles into the eastern half, in the central portion of the 
county. It is diversified by a few gravelly knolls, and also by a few 
small lakes. The eastern half is largely morainic, the northeastern por- 
tion being a clayey moraine and the southeastern portion more sandy and 
gravelly. A line of glacial drainage with sandy soil runs along the east 
border of the northern half of the county, and then leads southwestward 
past Twin Lakes into northern Becker County. 

Percental! f of Classes of Land in Mahnomen County 

Pfer cent 
S<). miles of ownty 

Sandy moraine, with sandy to gravelly loam soil 70 12^ 

Oajfey moraine, with pebbly clay loam soil 146 25.5 

Out^'Ash gra^'el and sandy glacial drainage deposits. 25 4.5 



Percentage of land area in farms 76 

Percentage of farm land improved 75.2 

Average acres per farm 253.2 

Average improved acres per farm 190.4 

Value of all farm property $16,371,171.00 

Average value of a farm $9,904,00 

Cereals produced in 1909 $2,013,945.00 

Other grains and seeds $146,889.00 

Hay and forage $274,104.00 

Vegetables $59,918.00 

Fruits and nuts $3,043.00 

All other crops $37,643.00 

Total crop value in 1909 $2,535,542.00 

CLAY COUNTY 

Clay County, of which Moorhead is the county seat, has an area o 
1,043 square miles and extends from Red River eastward a few mile 
beyond the limits of the glacial Lake Agassiz. The western third of thi 
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tias the black clay and clay loam of the Red River Valley ; but a 
water-laid moraine with surface bowlders and looser soil trav- 
; southern part centrally from north to south. East of the black 
trict is a strip of sandy land from 6 to 10 miles wide, in which 
successive beaches of Lake Agassiz are present. There is also 
-laid moraine among the beaches and partly covered by lake 
3amesville stands on it and it is well developed for several miles 
i that village. In the vicinity of Bamesville it is thickly strewn 
wlders, but farther north they are usually covered by lake sand, 
lortheastem part of the county; outside the limits of Lake Agas- 
e is a till plain with rich prairie soil of slightly pebbly clay loam, 
ear Hitterdal southwestward to Muskoda there is a moraine with 
us basins and small lakes among its swells and ridges. From 
la it runs southward along the border of Lake Agassiz. It is 
y composed of clayey till but includes some gravelly knolls and 
ndy land. Outside of this moraine is a strip of gently undulating 
I level patches of gravel and sand which follows down Buffalo 
Hawley, but is very narrow farther south. In the southeast 
the county is a prominent moraine which extends into Becker 
ertail counties. It has a rich prairie soil with pebbly clay loam sub- 
is surface is rolling, but its slopes are gentle enough for easy 
on. It includes a number of small lakes, and a small percentage 
ipy land. 

Percentages of Classes of Land in Clay County 

Per cent 
Sq. miles of county 

noraine, with sandy to gravelly loam soil. . . 10 1.0 

noraine, with pebbly clay loam soil 157 15.0 

aid moraine with variable soil 16 1.5 

n with pebbly clay loam soil 120 11.5 

r pebbly sandy loam, lake- washed drift 28 2.8 

leposits and old lake shores of pebbly sand . . 305 29.2 

ay and clay loam, lacustrine 400 38.4 

land 7 0.6 

Is 1,043 100.0 

m and Crop Data for Clay County from the Census of 1910 

entage of land area in farms 79.6 

entage of farm land improved 82.0 

•age acres per farm 305.8 



74 SURFACE FORMATIONS OF MINNESOTA 

Average improved acres per farm 250.8 

Value of all farm property $23,924,607.00 

Percentage of increase since 1900 100.4 

Cereals produced in 1909 $2,622,637.00 

Other grains and seeds $112,902.00 

Hay and forage $447,917.00 

Vegetables $607,158.00 

Fruits and nuts $3,840.00 

All other crops $21,634.00 

Total crop value in 1909 .* $3,816,088.00 

NORTHERN WILKIN COUNTY 

An area of 381 square miles in northern Wilkin County, comprising 
townships 134 to 136 N., ranges 45 to 48 west, is here discussed. It falls 
within the limits of the glacial Lake Agassiz, except a narrow strip from 
1^ to 4 miles wide on the eastern border which rises above the level of 
that lake. The black clay and clay loam of the Red River Valley ex- 
tends only 1 to 2 miles east from the river at the southern edge of 
this district, and about 7 miles at the northern. There is a tract of lake- 
washed till extending from near the river eastward to the upper beach of 
Lake Agassiz in T. 134 N., Rs. 45 to 47 W., and the south part of T. 135 
N., Rs. 45 to 47 W. Farther north in the northern part of T. 135 N., Rs. 
45 to 47 W., and in T. 136 N., Rs. 45 to 47 W., there is a sandy coating 
over the till, so that it is exposed in only a few narrow strips. Several 
ridges of sandy gravel, marking the shores of Lake Agassiz, traverse the 
eastern part of this district, and scattered ridges occur farther west, there 
being a prominent one from 3 to 6 miles north-northeast of Kent, and less 
conspicuous ones a few miles farther north. 

The water-laid moraine on which Bamesville stands runs southward 
through the eastern part of T. 136 N., R. 46 W. and has a strong beach 
developed on its western slope. The part of the district standing above 
the level of Lake Agassiz consists of a narrow till plain immediately east 
of the high shore line, and a clayey moraine along the eastern side of 
the county which extends into Ottertail County. 

With the exception of a few small brushy areas along the streams 
this is a prairie region and the clayey portion has a rich black soil. The 
sandy portions vary considerably in fertility. A few sqtiare miles in 
T. 135 and 136 N., R. 47 W. have a light sand which is subject to drifting 
by the wind. The old shore lines are composed of a sandy gravel with 
rather light soil, but sandy tracts among them have an admixture of 
loam, and also have less depth to the water table, so that they are mod- 
erately productive. 
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Percentages of Classes of Land in Northern Wilkin County 

Per cent 
Sq. miles of district 

Clayey moraine, with pebbly clay loam soil 22 5.8 

Till plain, with pebbly clay loam soil 28 7.4 

Stony or pebbly sandy loam, lake- washed drift 102 26.7 

Pebbly clay loam, lake- washed drift 58 15.2 

Sandy desposits of Lake Agassiz 91 23.9 

Black clay and clay loam, lacustrine 70 18.4 

Swamp land 10 2.6 



Totals 381 100.0 

The extent of cultivation of the land in Wilkin Countv is about the 
same as in northern Clay County, and there is a similar land value and 
crop production. 
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2 INTRODUCTION 

ice sheet moved very slowly, perhaps not more than a few rods a year 
or even less, it was active for a long period and locally it scotired the 
country clean of soil and loose material which on melting it piled up 
somewhere else. 

This statement of the origin of the loose material or drift is not 
speculation, but is substantiated by the most convincing facts. The de- 
posits and all of the features of the country formerly covered with ice 
are like those that may now be observed in Greenland or Antarctica, 
•where the slowly moving ice fields or glaciers still cover bodies of land 
of continental proportions. Glacial bowlders, bowlder clay, scratches on 
the rocks, morainal hills and kettles, all ordered with respect to definite 
features of the former ice sheet, may be seen at thousands of places in 
Minnesota. 

In the northern parts of Cook, Lake, and St. Louis counties the ice 
sheet removed the soil and subsoil, laying bare the underlying hard rock. 
Before the ice melted in this region it had carried the loose material 
away. Since that time there has been some weathering of the rock, 
but at most places not enough to give a good workable soil. Many of 
these areas are in the Superior National Forest and are well suited for 
growing forests although they have little or no value for farming. In the 
southern parts of these counties near the lake there are areas with loose 
sandy soil well suifed to growing garden truck. 

The last great ice sheet that covered the area melted very slowly and 
the southern part was melted long before the northern part. The ice 
that still remained in the north formed a great dam which held back 
the drainage of the Red River basin and formed a large lake which is 
called the glacial Lake Agassiz. This extended from the Red River 
Valley and plains of Manitoba as far east as the western part of the area 
herein described, covering nearly all of Koochiching County and the 
northwestern part of St. Louis County. When the ice retreated and 
this lake was drained, there were left the old beach ridges which now 
supply building sites and road material. Extensive beds of lake sediments 
were left also, and when these are suitably drained they make good soil. 
Other lakes smaller than Lake Agassiz, but yet extensive, were formed 
also. When they were drained, their beds likewise became available for 
plant growth and where properly drained they generally make good soil, 
especially where the soil contains sufficient clay. 

Swamps are very numerous in the northeast quarter of the state. 
They are portions of the old lake beds and other poorly drained areas and 
are of little value for agriculture until drained. Since the ice melted a 
growth of vegetation has been established on them and great thicknesses 
of partially decayed vegetation have accumulated in them. This forms 



SURFACE FORMATIONS AND AGRICULTURAL 
CONDITIONS IN NORTHEASTERN 

MINNESOTA 

By Frank Leverstt and Frederick W. Sabdeson 

FIELD WORK AND ACKNOWLEDGEMENTS 

The field embraced in this report on northeastern Minnesota includes 
the whole of Cook, Lake, and St. Louis counties, and parts of Koochi- 
ching, Itasca, Cass, Crow Wing, Aitkin, and Carlton counties. Its south- 
em limit is the median line of the state, which is near latitude 46^ 2$\ 
and its western line is the 94th meridian. It embraces about 17,280 square 
miles, a little more than 20 per cent of the state. 

Following the plan in Bulletin No. 12, on Northwestern Minnesota, 
a brief general description of the surface features and deposits of the 
entire state is given, and the climate of the entire state also is discussed. 

In addition to the field work by the authors, assistance was rendered 
by Earl R. Preston for two months in studies in Cook, Lake, and St Louis 
counties. In the studv of these counties assistance was also rendered 
by Dr. Arthur H. Elftman for a brief period. Dr. Elftman had, sonie 
years previously, explored a considerable part of Lake and Cook coun- 
ties as a member of the Geological Survey under Professor N. H. Win-r 
chell, and was thus able to supply valuable data in reference to parts of 
the county which now are not easily accessible, because of the lack of 
roads or trails, and which were then studied by working out from camps 
and by canoe trips through the lakes and coxmicting streams. In die 
preparation of this report much aid has been derived from the publica- 
tions of the Geological and Natural History Survey of Minnesota, pre- 
pared under the direction of Professor N. H. Winchell. Much use has 
been made also of the volume by George A. Ralph, State Drainage Engi- 
neer, entitled Topographical and Drainage Survey of Minnesota for ipo6. 
Its maps have been especially valuable as a basis for estimating the swamp 
land areas, and its lines of levels for drawing the contours which appear 
on Plate I of the present report. Aid has been rendered also by numer- 
ous residents of the region in supplying information and in guidance 
through parts difiicult of access, a kind of assistance which is especially 
valuable in a region so sparsely inhabited and imperfectly opened to 
travel. 



22 SURFACE FORMATIONS OF MINNESOTA 

feet thidc. In this the feldspar and other minerals are disintegrated and 
made ready for plant food. 

Weathering in the loess-covered areas is moderately deep, as it is in .^ 
the older drift. The entire deposit of loess, however, is of fine teacture 1.^ 
and is found to be very fertile from top to bottom. 

LIME 

While most of the soils of the northwestern part of the state seem 
abundantly supplied with lime, it is probable that some of the more sandy 
ones would give a sufficiently greater yield of certain^crops to make iC 
profitable to purchase some form of lime if this could be obtained at a 
low price. Usually when a soil needs lime, it is advisable to apply oner 
ton or more of ground limestone or marl per acre. If this has to be 
shipped any considerable distance, the freight charges may greatly exceed 
the cost of the material on board of the cars at the point of shipment. 
For this reason it is important to locate a supply as near as possible to 
the place where it is to be used. 

Lime occurs abundantly in two forms in Minnesota: as bog-lime or 
marl, and as limestone. The marl is unconsolidated and easily pulverized. 
It needs no crushing or grinding. Limestone is consolidated and must 
be crushed or grotmd for use on fields. 

Marl is found in Minnesota in many lakes and under some bogs that 
have been lakes. It is of most frequent occurrence in the central and 
north central part of the state. It lies always in low wet ground and 
can be found, as a rule, only by boring or ditching. It is a soft, white 
or gray, chalky material. Since it needs no crushing or grinding, the 
cost of the marl is in the finding, ditching and draining, or drying of it. 
Deposits from i to lo feet in thickness and covering from i to lOO acres 
are known to be of common occurrence. 

Limestone formations outcrop in the bluffs along the Mississippi and 
its tributaries in southeastern Minnesota. The formations lie horizon- 
tally and are of wide extent, or practically continuous for many miles. 
Limestone formations lOO feet or more thick extend along the valleys 
from the southeastern comer of the state to Stillwater, Minneapolis, Man- 
kato, Austin, and intermediate points. An inexhaustible supply of lime- 
stone is easily found in outcrops that are high, so that quarrying, crush- 
ing, and loading can all be done in a down-hill direction, the cost of pro- 
duction being thereby lessened. 

EFFECT OF FIRES 

There are large areas in Minnesota which have been swept by forest 
fires, and these fires have destroyed much of the accumulated leaf mold. 
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sippi River, and in the country immediately bordering on Lake Supe- 
rior. Temperatures of — 40^ have occurred in nearly all northern and 
central counties and in a few southern counties, but these great extr emes 
do not occur frequently. 

Tabig II, Statouai Tempwraiures for Minntsota (DtgrtM Pahrtnheii} 



Year 



1899 
1900 
1901 
190a 
1903 
1904 

19^^ 
Z907 
X908 

1909 
X910 
X911 

I9» 
19x3 
1914 



Mean 



Winter 



1 6. J 
14.3 

'H 

13.S 
13.0 
X4.8 
XI.5 
S.5 
l©.4 

ly.i 
ii.S 
x8.5 

13-9 

9.8 

xa.j 

7.S 
1 1.9 
1S.3 



Spring 
mean 



Summer 
mean 



xa.8 



44.3 
39-9 
43.1 
37.9 
44-3 
44«i 
44.5 
4^.9 
40.0 
4a.8 

40.7 
36.3 
4X.8 
38^ 
47.1 
45-1 
40.4( 

39.$ 
41.8 



68.x 
66.x 

%: 

70.0 
70.0 
65.4 

66.9 
65.9 
65.8 
68.4 

68.Z 

67.3 
65.0 
68.0 
67.7 



Fall 



38.4 
47.3 
43.4 
48.3 
46.2 
45. 1 
45.* 
43.0 

46.a 
46.6 

48!3 

44.8 
40.x 

48.5 



41.7 



67.0 



45.3 



A^ to Sept 

Ccrop4rai^ 
iacteaion) 



6zw| 
g^ 

M 
60.0 
6S.9 
6a.o 
58.5 
S7-9 
57.« 
S9.3 
00.9 

E 

60.J 

60.3 
60.3 



59^8 



Frosts. — ^Although frosts have occurred in some portions of the state 
every month of the year, damaging temperatures are not to be expected 
during June, July, and August, and they are comparatively rare in the 
last half of May and the first half of September. Records of ten or 
more years are available from a large number of places in the state, 
of which charts have been constructed showing the average date of the 
last killing frost in spring and the first one in autumn. Using these dates 
as boundaries, we can mark the average beginning and ending of crop 
growth and determine the average length of the growing season. All of 
this information is graphically shown in Figures 9, 10, and 11. By refer- 
ence to Figure 1 1 tlie influence of Lake Superior in lengthening the crop- 
growing season in its vicinity may be seen; while in the same latitude 
in the highlands of Hubbard, Becker, eastern Mahnomen, and Qearwater 
coimties the season is twenty to thirty days shorter. The longest season, 
160 days, obtains along the Mississippi River from Hennepin Coimty 
to the southeastern comer of the state, and the shortest, 100 days or less, 
is in the region of the Mesabi and Vermilion Iron ranges. 
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83 per cent at 7 ajn. and 72 per cent at 7 p.ni. Table IX gives the monthly 
and annual data. 

Numbtr of rainy days. — In Tahle X the number of rainy days dur- 
ing each month and the year is given for thirty-three stations well dis- 
tributed over the state. The smallest number is 64 at Lynd, Lyon County, 
■nd the kigest 132 days at Duluth. 

#. — ^The sunshine is abundant, averaging from 43 to 53 per 

> highest amount possible. The daylight hours are materially 

^ the crop-growing season in the northern portion of the 

iie southern. The greatest percentage of sunshine is in 

n portioo and the least in the northeastern part. 
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CARLTON COUNTY 69 

Rock ledges zH 0.40 

Lake areas 9ii mo 

Swamp lands xxo 12.70 

867 100.00 

The waterlaid moraines in the bed of Lake Duluth have considerable 
expression for a few miles west from Barker, the topography being nearly 
as sharp as that of landlaid moraines. In the remainder of the lake area, 
however, waterlaid moraines are very inconspicuous. They determine to 
some extent the course of streams tributary to the Nemadji River even 
where lacking in surface expression. 

The census of 1910 reports 21.7 per cent of Carlton County to be in 
farms, of which 22.8 per cent is improved land. Oats, wheat, and bar- 
ley are the main cereal crops, rye and com being grown in less amount. 
Potatoes are the main vegetable crop. Apples and plums are successful 
orchard fruits, and berries of all kinds are fotmd very productive. In 
this county, as weU as in other parts of northeastern Minnesota, wild rasp- 
berries are very abundant and large ntunbers of the residents resort to the 
unappropriated lands for them in the berrying season. 
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SURFACE FORMATIONS AND AGRICULTURAL 
CONDITIONS OF THE SOUTH HALF 

OF MINNESOTA 

By Frank Leverett and Frederick W. Sardeson 

INTRODUCTION 
By W. H. Emmons 

Soil is the loose unconsolidated material which nearly everywhere 
covers the surface of the earth and in which plant life may be maintained. 
It is made up of finely divided rock in whidi decaying vq^etable matter 
and animal matter are mingled. A soil is generally in a state of change. 
It is being washed little by little to the creeks and rivers which carry it 
to the sea, where it often forms delta deposits; if no new soil formed, 
hard rock would finally be exposed instead of the loose plant-producing 
soil. But rocks at and near the surface are continually changing and 
new soil is being formed from the underlying rock or from loose clayey 
or gravelly material that may constitute the subsoil, or from* bowldery 
material that at many places in Minnesota lies between the hard rock 
and the soil. 

Water and air attack rock matter and break it down. Heat and cold, 
freezing and thawing, shatter the rocks and give plants an opportunity 
to send roots into the cracks that are formed, and these, prying the rocks 
apart, reduce them to particles of still smaller size. Even the hard solid 
rocks are ultimately broken down; a building of good solid stone may 
crumble in a few htmdred years, especially in a moist climate. 

Some of the rocky matter is dissolved by the water and carried to the 
sea in solution. It is such dissolved material that makes water "hard" 
and that gathers in the bottom of a vessel when water is boiled. But 
not all of the soluble substances are dissolved and carried away; some 
remain in the soil, and the character of the soil depends largely upon 
these. Some soils are acid because they have not enough lime. Some 
are deficient in potash or phosphates, which are necessary if soil is to 
produce certain crops satisfactorily. 

Because it forms the soil, the composition of the underlying material 
is of great importance. In Minnesota most of the soil is the weathered 
portion of glacial drift or of lake beds and other features connected with 
the deposition of the drift. Long ago nearly all of what is now the state 
of Minnesota was covered over with a great ice sheet htmdreds of feet 
thick that slowly moved down from the Canadian highland carrying with 



swamps and lakes amoi^ them. In fact several of tiie lakes of Cook 
Coimtj' are above 1,900 feet or within 300 feet of the level of the highest 
points in the state. The most prominent part of the Mesabi Iron Range 
in St. Louis County rises from 400 to 450 feet above bordering plains. 
The Coteau des Prairies rises about 700 feet above the plain northeast 
of its border, but in Minnesota the rise is usually spread over a space of 
from 12 to 15 miles or more in width, so that the elevation can scarcely 
be appreciated by one crossing over it There is a rather rapid rise of 
from 300 to 500 feet to the sharp range of hills in Otter Tail and BecJier 
counties from the Red River valley. This rise is of especial interest 
since it seems to have some influence on the rainfall, the precipitation 
being greater in these hills where air currents are forced upward and 
cooled than in the bordering lower lands to the north, west, and south. 



The drainage of Minnesota is widely divergent, part of it leading to 
the Gulf of Mexico, part to the Gulf of St. Lawrence, and part to Hud- 
son Bay. The Gulf of Mexico receives about 57 per cent, the St. Law- 
rence less than 9 per cent, and Hudson Bay fully 34 per cent of the drain- 
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• decay and carrying the remains of ancient v^etation marks the contact 
s between the older and the younger drift. The botmdaries of the drifts 
- of various ages and the character of the soils formed by them are dis- 
r cussed on pages that follow. 

! Swamps are very numerous in Minnesota. They are portions of the 
! old lake beds and other poorly drained areas and are of little value for 
agriculture until drained. Since the ice melted a growth of vegetation 
has been established on them and great thicknesses of partially decayed 
T^[etation have accumulated in them. This forms the peat which is 
found in so many of the swamps. Some of it is very thick and will 
doubtless become a valuable asset in the future when other fuels shall 
bave become more costly. 

The great productivity of Minnesota soils is due, not only to their 
recent origin by reason of which nearly all of them still contain the 
soluble mineral foods for plants, but also to a favorable climate. The 
low temperatures which frequently prevail during certain periods in 
winter make for .healthful conditions for animal life and they also benefit 
plant life. The rainfall, though not excessively great, is sufficient and, 
since most of it occurs during the growing period, drouths are rare and 
crop failures almost unknown except in the more sandy soils, which are, 
however, adapted to quick-growing crops like potatoes. As shown herein, 
the length of the crop-growing season, that is, the time between late spring 
frosts and early autumn frosts, is between 100 and 170 days for all 
except the extreme northeast comer of the state. The long days, high 
proportion of sunshine, and the moderate humidity are all favorable to 
plant growth. 

This bulletin treats the soils of only the south half of Minnesota. 
The field embraced includes the part of the state south from the median 
line, which is near latitude 46^ 25^. 

Following the plan in Bulletin No. 12, on Northwestern Minnesota, 
a brief general description of the surface features and deposits of the 
entire state is given, and the climate of the entire state also is discussed. 
It will be followed by a report on the entire state, the field work for which 
already has been completed. The work has been done in accordance with 
the agreement for cooperation between the United States Geological Sur- 
vey and the Minnesota Geological Survey, entered into, March, 1912. By 
this agreement the services of Mr. Frat^ Leverett were secured for sur- 
vqring the surface formations and soils. Mr. Leverett has been engaged 
since 1886, or thirty-two years, in studying the surface geology of the 
Great Lakes r^on and because of his large experience in the greater 
area he was particularly well prepared to tmdertake the studies in Minne- 
sota. He has spent, moreover, considerable time in the state studying its 
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CHAPTER I 

PHYSICAL FEATURES OF MINNESOTA 
TOPOGRAPHY OF MINNESOTA 

GENERAL STATEMENT 

The position of Minnesota is near the center of the North American 
Continent, and the state embraces an area of 84,682 square miles, of 
which about 93 per cent is land and 7 per cent water. Its extreme length 
18 nearly 400 miles, from latitude 43° 30^, at the Iowa line, to a point 
about 23 miles north of the 49th parallel, in the projection known as the 
Northwest Angle, northwest of Lake of the Woods. The greatest width 
is 367 miles, but the average width is only about 225 miles, or but little 
more than half of the length. 

Minnesota presents more variety in surface features than most of 
the north central states, yet a great part of its surface is level or only 
gently undulating. The flattest portion falls largely in the northwest 
quarter, and was once the bed of the glacial Lake A^^assiz, a lake held in 
on the north, in central Canada, by the great ice sheet. The roughest 
portion is in the northeastern quarter. This part is composed largely of 
volcanic formations and iron-bearing rocks which, though glaciated, were 
not everywhere buried beneath the glacial deposits. In the southeastern 
part of the state deep erosion valleys along the Mississippi and its tribu- 
taries present bold rock bluffs 300 to 600 feet high. The interior and 
southern parts of the state have features due almost entirely to the work 
of the great ice sheets, which at successive times, and from different 
directions, overspread Minnesota. The glacial deposits comprise an 
intricate system of moraines with undulating to hilly stu-face, associated 
with which are level outwash plains of sand and gravel, and gently tm- 
dulating intermorainic till plains. The moraines were formed along the 
border of the ice at definite lines where the edge of the ice held its position 
for a relatively long time. They consist of sharp knolls and inclosed 
basins and also of more or less parallel ridges which, however, interlock 
in places. These moraines are distributed in rudely concentric systems 
which mark successive positions of the border of each ice sheet as it 
was melting off from this region. The outwash plains lie on the outer 
border of the moraines, where sandy gravel was spread out by dirt-laden 
waters escaping from the ice. The till plains lie along the inner or ice- 
ward border of the .moraines and represent areas over which the ice 
border melted back somewhat rapidly, forming relatively few knolls 
and ridges. 
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ALTITUDE 

The altitude of Minnesota ranges from 602 feet, the level of Lake 
Superior, up to 2,230 feet, on high rock hills in the northeast part of tbe 
state, in western Cook County. The small map. Figure i, shows tixat t 
large part of the state falls between 1,000 and 1,500 feet The average 
altitude of the state is not far from 1,200 feet The portions above 1,500 
feet lie chiefly in two areas, one at the northeast and one at the soudiwest 
comer of the state, though there is a good sized area around the sources 
of the Mississippi River in the western part, and several smaller areas in 
that vicinity ; one of these in the southern part of Otter Tail Cotm^ is 
known as the Leaf Hills. The altitude of the elevated area in the south- 
western part falls short a little of reaching^ 2,000 feet, but that in die 
northeastern part includes several small areas, chiefly in Code County, 
that rise above 2,000 feet. The portions below 1,000 feet fall in two areas 
widely separated except for a connecting line along the Minnesota val- 
ley, one being on the western edge of the state and the other on die 
eastern. There is also a narrow strip bordering Lake Superior. 

The most conspicuous relief is fotmd in the ''Sawtooth Range'' and 
other prominent ridges that closely border Lake Superior and whidi 
rise abruptly from 500 to 900 feet above the lake. The rock ranges 
lying back from the shore, though more elevated than those fronting 
on the lake, seldom rise more than from 200 to 300 feet above the 
swamps and lakes among them. In fact several of the lakes of Cook 
County are above 1,900 feet or within 300 feet of the level of the highest 
points in the state. The most prominent part of the Mesabi Iron Range 
in St. Louis County rises from 400 to 450 feet above bordering plains. 
The Coteau des Prairies rises about 700 feet above the plain northeast 
of its border, but in Minnesota the rise is usually spread over a space of 
from 12 to 15 miles or more in width, so that the elevation can scarcely 
be appreciated by one crossing over it. There is a rather rapid rise of 
from 300 to 500 feet to the sharp range of hills in Otter Tail and Becker 
counties from the Red River valley. This rise is of especial interest 
since it seems to have some influence on the rainfall, the precipitation 
being greater in these hills where air currents are forced upward and 
cooled than in the bordering lower lands to the north, west, and south. 

DRAINAGE 

The drainage of Minnesota is widely divergent, part of it leading to 
the Gulf of Mexico, part to the Gulf of St. Lawrence, and part to Hud- 
son Bay. The Gulf of Mexico receives about 57 per cent, the St. Law- 
rence less than 9 per cent, and Hudson Bay fully 34 per cent of the drain- 
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The residoaiy material, as its name inipiifs, has been left as a resadne 
diM'^'g the farealdoj^ down or deayr of the surface rocks thrmigh weather- 
ioig rad sohition. On limfstonrai it is nsoaDj a dark, reddidi brown, 
l^iimiiiy dajf but on sandstones and aystaHine roda it is nsnaDjr giano- 
lar and loose-textnred. There is bat a small part of Minnesota, dtiefijr 
in the sondieastem counties, where residuary material is withm readi 
of the plow. It occurs there on fhe tqiper part of the slopes of die val- 
leys and on the narrow upland strips between vaUqrs, but it is usually cov- 
ered by loess. 



Log$s. — The wiiid-dq>osited material known as loess is laxgety a fine 
silt loam, which forms die surface in an area in die soudieast part of 
die state enibractng much of Goodhue, Olmsted, Wabasha, Winona, Fill- 
more, and Houston counties and parts of Mower, Dodge, Rice, and Da- 
kota counties. It covers a small tract in the southwest part of the state. 
En die soudieastem counties it rests in part on glacial drift deposits and 
in part on the residuary day and rock formations of the drifdess area. 
In the southwestern part it covers glacial deposits. In the southeast dis- 
trict its border is very irregular, there being long strips of loess-covered 
land projecting westward or northwestward into the r^on free from 
loess, and also long strips free from loess extending eastward into the 
loess-covered tracts. The condition there is sudi as might result from 
the presence or absence of v^;etation giving different dq;rees of protec- 
tive power from the wind; areas with dense v^;etation being able to hold 
dust that setded from the atmosphere while bare ones allowed it to be 
gadiered up and carried on. 

Wind-blown sand. — Wind-blown sand is also an important deposit. 
It embraces a district east of the Mississippi from Minneapolis up to 
Brainerd. It is narrow above St Cloud, but below that city extends eaut- 
ward to the St Croix River. The sand does not, however, cover the en- 
tire surface in diis area. Where present it rests upon glacial dq)o«its. 
It has low ridges sddom 20 feet and usually 10 feet or less in ti«l(^t. 
There is more or less wind-drifted sand in the sandy parts of thu Ht, 
Louis River drainage basin, but it is sparingly , developed comparsd In 
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out of the finer material. By this process considerable areas of the bed 
of Lake Agassiz were covered by very pebbly beds several inches in 
depth. Th^ are classed on the soil maps as "lake-washed till." In the 
narrow strip along the shore of Lake Superior that was covered hy tiM 
waters of a giada\ lake known as Lake Duluth, there is very little fine 
sediment; graveUy and cobbly beaches were formed at several succes- 
sive levels, while fine material was washed down into the deeper parts of 
the basin covered by the present lake. Fine material also covers the tAi 
lake plain in Carlton County and a strip on the south side of Lake Su- 
perior. 

THE GLACIAL FEATURES AND THEIR HISTORY 

It has been found through a study of the deposits in Minnesota and 
neighboring states that the glacial deposits which form so extensive a 
mantle in Minnesota are the result of more than one invasion of the 
ice from the Canadian highlands. At each invasion the ice left a deposit 
of drift gathered partly from Canada and partly from the deposits over 
which it passed in Minnesota. The advances were so widely separated 
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in nme tnt mc onic ocposni oi est 

tfaem bjr tiic tcdon of ilicuui befoie Ae 

later adfwicci fukd to icsdi Ac oHili of 
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dbaracteruBe iicignboruig coiintifa that were covered bjr tnat drift. 

The invasions of the ioe into M i mifio i j not onljr took phoe at dif- 
ferent tiinpSi hot have oome front more Aan one directjon at about the 
sane time. In Ae cariier nvasions the greater part of the state was 
ooverea Vfw soe ooounir irom Saanoooa as snoam iMr nnxstone tsacsnents 
and pdbbies derived frani rock f orantions of Aat coiaitiy which are vnor 
bed d ed in the lower pait of Ae drift over all of Ae state casocpt its noitb' 
east part* The movcuients ni the CTOsim^ stage of Ae gjlaful cpodi were 
more laiBtisr from tne ftffTlftflitf not more ilian nau of tbe state was 
invaded fnm the nofAweiL The ire Aects were as follows : i. The 
Superior lobe of ike Labrador ice dieei, an ntrntion of ice ioaAwest- 
ward from Ae Superior basin neailjr to MiDe Lacs Lake ; 2. The Pa- 
trieiam ice Aeet, wiA sooAwaid m o ve m e nt from the higtilands oonh of 
Lake Siq>erior across eastern Mimynora to points a littk beyond St Paul ; 
3* The KeewoHm ice sheet, whidi moved sooAward through Ifanitoba 
and across western Minnesota. After Ae mdtii^ away of the ice that 
came from Ae northern highland^ the Keewatin ice sheet extended over 
some of the grocmd Aat ice had vacated* It crossed Ae Mesabi Range 
into Ae St Louis basin, and also moved northeastward from near Mtn* 
nesqxdis into Wisconsin. This advance over earlier drift deposits is 
known from the presence of a thin deposit of clayey and limy drift con- 
taining rode material broogfat from Manitoba which covers the drift Aat 
was deposited by ice coming from the highlands norAwest of J^c Su- 
perior. The drift from Aese highlands together wiA that from the Lake 
Superior basin forms the stony red drift of eastero Minnesota, while that 
from Manitoba forms Ae clayey and limy gray drift which covers almost 
an of Ae remainder of Ae state. 

That the ice mass moved in different directions at different times in 
certain parts of Ae state is ftuther shown by striations or ice markings 
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thftt in the district between the Mississippi and St Croix rivcan. Wind- 
blown sand occurs also jn Aitkin Countjr in the vicinity of McGrqpv aai 
also in the nortfieastem part of tiie county in island-like tmcta that an 
surrounded by marshes. There are numerous small areas of audi ssai 
scattered over the state, some of them being aloog the shoraa of tfieijhdd 
Lake Agassiz. 



The glacial deposits as shown in Figure d extend over the entire strte 
except eastern Winona County and tfie greater part of Hdnatoii Coouty, 
whidi are in the driftless area of the tipper MississjppL Thcj uidafie 
the wind-deposited sands and much of die loess area. They also mideflfe 
stream deposits and lake sediments. The g^adal depones ace aepaiaMc 
into till or bowlder day in which stones, day, and sand are doaely oooh 
mingled; and into sand or gravd beds whidi diow some a ss o rti ng and 
bedding by water action. The percentage of stony material varies gnadf 
and the matrix also shows variations from compact day to looee sand. 
These variations are to be e3q>ected in a dqxxdt Aat had been fonned 
from the dirt and stones induded in an ice sheet Eveiy observiqg fanner 
has probably noted and peiiiaps speculated tsgaa the cause for these varia- 
tions in the drift deposits whidi form the basis for so laige a part of Ae 
Minnesota soil The assorted sand and gravd beds are lugidif due to 
waters escaping from the melting ice and many of them may be traced 
up to a moraine which marked the position of the ice border at the time 
they were laid down. They show a decrease in coarseness in passing 
away from the edge of the moraine, the coarse material having been 
dropped dose to the edge of the ice and only the fine carried to a great 
distance outside. 

The glacial deposits also show some variations that relate to the kind 
of rock formations over which the ice passed. Thus, the northeastern 
portion of the state has a rather stony drift from the volcanic and hard 
crystalline rocks of that region. This stony material was carried as far 
south as Dakota County and forms the red drift of eastern and north* 
eastern Minnesota. As indicated below, the red drift is the product of 
more than one ice sheet. The western and southern parts of the state 
have a large amount of clayey drift material with limestone pd>bles im- 
bedded. This material was gathered by this ice as it passed in its south- 
ward course from the shales and limestone of southern Manitoba, into 
the area of granite and other crystalline rocks. These clayqr and limy 
deposits form what is known as the gray drift of Minnesota, and the 
ice sheet which formed it, as the Keewatin ice sheet. 




TlKlakedc 
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beaches along the shores. In parts of the lakes where the ^iaaal dcponti 
which they covered were pebbly and the water was shallow enou^ for 
wave action, there was a concentration of stony material by Uie washings 
out of the finer material. By this process considerable areas of the bed 
of Lake Agassiz were covered by very pebbly beds several incjies in 
depth. They are classed on the soil maps as "lake-washed tilL" In the 
oaiTOw strip along the shore of Lake Superior that was covered by the 
waters of a glacial lake known as Lake Duluth, there is very little fine 
sediment; gravelly and cobbly beaches were formed at several succes- 
sive levels, while fine material was washed down into the deeper parts of 
the basis covered by the present lake. Fine material also covers the old 
lake plain in Carlton County and a strip on the south side of Lake Su- 
perior. 

THX GLAOAL FEATURES AND THEIR HISTORY 
It has been found through a study of the deposits in Minnesota and 
ndghboring states that the glacial deposits which form so extensive a 
mantle in Minnesota are the result of more than one invasitm of the 
ice from the Canadian highlands. At each invasion the ice left a dq>osit 
of drift gathered partly from Canada and partly from the deposits over 
which it passed in Minnesota. The advances were so widely separated 
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on die turfaoes of the rock Ie4get. In tibe district cut and m 
Lake of Ike Woods a set of (facial groowtM or loe uiarkima 
of southf wkQe a newer set crosses ffaen hx an eastward or 
ward direction* Tbe older set was foiuied by loe tooriog into 
from the hjghhnds that lie between Lake Si^erior and Lake Wnn^pq^ 
wbile the you nger set was formed by ioe Wfariog into the state froai 
Manitoba. In Nordi Minneapolis there are rode ledges on wtSA ik 
glacial grooves have tiuee courses; firsty a southeastward course at Ac 
time when the old gray drift which came from tiie not th we st was braqj^ 
in; second, a southward course at a time when tiie red drift which csok 
from the nordi was dqxMited; tiurd, an eastward cour s e at tlie tine 
when the ioe from tiie northwest advanced over land diat had been 
vacated by the ice whkh dqxMited the red drift 

fff ^CI ATf LAMM ISAHtntM 

Minnesota contains parts of the beds of two large i^adal khes; Lake 
Doluth, vi^iidi ocoqiied the western part of the Siqierior barin, and Lake 
Agassiz whidi occtqued the Red River bashi. Lake Duhilfa covered a 
narrow Btrip along die shore of Lalce Siqierior and extended a few miki 
beyond the west end of Lake Superior into eastern Carlton Gomlj, Ifin- 
nesota* Its highest stages were 500 to 700 feet above the present aiv&oe 
of Lake Superior, there being an increasmg height toward the northrast 
comer of the state. Lake Agassiz extended as far soudi as Lake Trav- 
erse, and thence it discharged past Brown Valley to the Minnesota. Its 
border is only from 20 to 30 miles east from the North Dakota-Minnesota 
line from Lake Traverse northward to Polk County. About 20 miles 
east-southeast of Crookston it makes an abrupt eastward turn and con- 
tinues eastward past the south side of Red Lake and on across Koodii- 
ching County into St Louis Cotmty as far as the vallqr of litde Fork 
River. It then turns northward and enters Canada from northeastern 
St. Louis County. There were several islands in it in northern St. Louis 
Coimty. 

Preceding the development of the large glacial Lake Agassia there 
was a temporary ponding of waters in front of the ice in Koodiidiing, 
Itasca, and St Louis counties at a level higher than that of Lake Agassiz, 
and a discharge of the waters southward across the Mesabi Iron Range 
into the St Louis basin along the course of the Embarrass River. With 
the melting back of the ice border this lake became merged with Lake 
Agassiz, and its waters then discharged into the Minnesota valley. 

In the Crow Wing drainage basin a glacial lake, Lake Wadena, cov- 
ering much of Wadena County, and parts of Hubbard, Cass, Morrison, 
and Todd counties, was held up by the Patrician ice sheet, which covered 
the lower course of Crow Wing River below Pillager. Its outlet was 
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Weathering in the loess-covered areas is moderately deep, as it is in 
tfie older drift The entire deposit of loess, however, is of fine texture 
and 18 found to be very fertile from top to bottom. 



While most of the soils of the northwestern part of the state seem 
mbundantly supplied with lime, it is probable that some of the more sandy 
ooes would give a sufficiently greater yield of certain crops to make it 
profitable to purchase some form of lime if this could be obtained at a 
low price. Usually when a soil needs lime, it is advisable to apply one 
ton or more of ground limestone or marl per acre. If this has to be 
dupped any considerable distance, the freight chaiges may greatly exceed 
the cost of the material on board of the cars at the point of shipment. 
For tills reason it is important to locate a supply as near as possible to 
Ihe place where it is to be used. 

Lime occtu^ abundantly in two forms in Minnesota: as bog-lime or 
marl, and as limestone. The marl is unconsolidated and easily pulverized. 
It needs no crushing or grinding. Limestone is consolidated and must 
be crushed or ground for use on fields. 

Marl is found in Mixmesota in many lakes and under some bogs that 
have been lakes. It is of most frequent occurrence in the central and 
north central part of the state. It lies always in low wet ground and 
can be found, as a rule, only by boring or ditching. It is a soft, white 
or gray, chalky material Since it needs no crushing or grinding, the 
cost of the marl is in the finding, ditching and draining, or drying of it 
Dq)06its from i to lo feet in thickness and covering from i to lOO acres 
are known to be of common occurrence. 

Limestone formations outcrop in the bluffs along the Mississippi and 
its tributaries in southeastern Minnesota. The formations lie horizon- 
tally and are of wide extent, or practically continuous for many miles. 
Limestone formations loo feet or more thick extend along the valleys 
from the southeastern comer of the state to Stillwater, Minneapolis, Man- 
kato, Austin, and intermediate points. An inexhaustible supply of lime- 
stone is easily found in outcrops that are high, so that quarrying, crush- 
ing, and loading can all be done in a down-hill direction, the cost of pro- 
duction being thereby lessened. 

EFFECT OF FISES 

There are large areas in Minnesota which have been swept by forest 
fires, and these fires have destroyed much of the accumulated leaf mold. 
In sandy areas the destruction of the leaf mold may have reduced some- 
what the productiveness of the land, for the leaf mold acts as a mulch 
to prevent the drjring out of the soil. But in clayey areas there seems to 
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have been veiy little redoctioa of the fertility. The leaf mold in socfa 
{daces, however, when turned tinder has a beneficial effect in looseniiq^ 
the stiff day. A laige area of day land in die Little Fork drainage basin 
in St Loois and sonttieastem Koochiching counties was burned over some 
fifty or more years ago, according to statements of tiie Indians, and the 
leaf mold was almost completely destroyed A heavy growth of poplar 
has qpnipg up on the drier parts instead of the mixed hardwood that had 
occupied the land, while ^ wet areas have a fresh stand of spruce. 
This district is being rapidljr cleared and is producing exoqitionally 
good crops. The forest fire near Hinckley in Pine County, which 
occurred about twenty-five years ago, swept over an area diiefly of 
till mudi of which is loose-textured. This had a similar efiiect in 
changing the forest from mixed hardwood and pine to poplar. This 
area is now one of marked agricultural fertility adapted to a variety 
of crops. The prindpal damage by fire in this state, bodi past and i»th 
s pect i ve, seems to be in the destruction of peat in the bogs. In such cases 
there is not only the loss of a valuaUe f ud, but the land is left in a roq^ 
state ill-suited for cuhivatioa. 
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givet to that section a more equiUe dimate than would otfierwise obtain 
in that portion of die state. The summer temperatures are likewise 
modified and people from long distanrfts inland in steadily increasiiig 
numbers are establishing s umme r homes about tiie lake» to wfaidi thejr 
are attracted during tiie hot summer montiis* There are more tiun 
7i000 small lakes scattered thnnighout die state and diese have a mate- 
rial local jnfluence in modifying die heat of summer and give comfort 
to diousands of residents on their shores. 

Mondily and annual rqnirts of temperature, rainfall, snowfall, etc, 
have been published for a large number of rq^ular and cooperative sta- 
tions in Minnesota since 1895. Recently three special section rqxvts 
have been issued by die United States Weather Bureau giving monthljr 
and annual precipitation totals for all points in the state widi a record 
of ten years or over, together with average tenq)eratures and odier data. 
In these reports the more important facts from all portions of the state 
are tabulated and the comparative climatic conditions of the different seo- 
tions graphically shown. 

GENEBAL CLIMATIC OONDmONS 

Minnesota is in the path of a large proportion of the low-pressure 
areas which move across the United States from west to east These 
areas move at an average speed of 600 miles in twenty-four hours and 
are preceded by southerly winds and higher temperature and followed 
by northerly winds and lower temperature. They are usually accom- 
panied by doudy weather and precipitation ; each storm causing an aver- 
age of from one to two rainy days as it crosses the state. 

As there is an average of almost two of these storms each week with 
fair weather periods between, it follows that the changes in weather 
conditions are rather rapid. One or two days of stormy weather pre- 
ceded by fair weather and followed by clearing and lower temperatures 
to be repeated in turn, make up the usual routine for the week. How^ 
ever, Minnesota b so far from the coast that damaging ocean storms 
lose much of their severity before reaching its borders. 

The northwestern cold waves pass across the state and send their 
health-giving winds into all parts, and yet they are frequendy not so 
severe as th^ are in some of the plains states in the same latitude or 
even farther south. 

Temperature. — ^The average annual temperature of Minnesota for die 
period 1895 ^<> ^9^Z inclusive, is 41.7^, as shown in Table I and graph- 
ically by Figure 4. The highest annual mean temperature, 43.9^, oc- 
curred in 1900, and the lowest, 39.9^, in 1912. The departure of the 
avenge temperature of any year from the normal may readily be deter- 
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Buned t^ craqMring the ytaAf averace widi the mean «t die foot of flu 
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The coldest moalh ii Januuy, wiiich has a mean t e uipera tuic of 
las*, although tiie avenge for February is only a^" hi^KT. In a great 
many instances Februaiy has averaged colder than ^e preceding Janoaiy. 
This condition occurred in the seven successive years from 1898 to 1904 
inclusive. Average January temperatures are plotted on Figure 5. 

July is the wannest month, with an average temperature of 69^", 
althoi^ in a few years the mean temperature for June or for August is 
h^er than for July of the same year. Aven^ July temperatures are 
plotted on Figure 6. 

The highest summer mean, 70.0°, occurred in 1900 and 1901 (Table 
II). The coldest summer was that of 1903, with an average of 644°. 

The warmest crop-growing season (April to September inclusive) 
of the eighteen years under discussion was in 1900, when the average 
was 62.9°, and the coldest was in 1907, with an average of 55.6°. 

The wannest winter (December to February inclusive) was in 1907-8, 
when the mean temperature was 18.5°. The coldest was in 1903-4, with 
a mean temperature of 5.5°. Table II shows also the warmest and coldest 
spring and autumn. 

In Figures 7 and 8 are shown the highest and lowest temperatures 
erver recorded in the various counties where records have been kept 
From these figures it can readily be seen that the extreme range of tem- 
perature is from 110° in Kandiyohi County and Milan, to — 59° at Leech 
Lake Dam and Pokegama Falls. Temperatures above 100° have been 
recorded in all counties except those about the headwaters of the Missis- 
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MURRAY COUNTY 119 

Farm and Crop Data for Pipestone County (Continued) 

Average acres per farm 254*0 

Average improved acres per farm S37.4 

Value of all farm property ^17*022,725 

Per cent of increase 1900 to 1910 I33*8 

Value of all crops in 1909 $1,762,497 

Cereads (oats, barley, com, wheat, rye) $i>397»i23 

Other grains and seeds $65,9x4 

Hay and forage* $238,190 

VegeUbles $58,787 

Fruits and nuts $2,024 

All other crops $459 

* Tame grass, 39,410 tons; wild grass, 10,585 tons. 

MURRAY COUNTY 

Murray County, of which Sla)rton is the county seat, is located in the 
southwest part of the state, and has a land area of 704 square miles, with 
about 16 square miles additional in small lakes. The drainage of this 
coimty is in three diflferent systems, the northeast part being drained 
northeastward to the Minnesota, the central and southeast parts south- 
eastward by the Des Moines River, and the southwest part southwest- 
ward to the Big Sioux River. 

The crest of the Coteau des Prairies runs through the western part 
of the county, and is followed by a strong moraine. Parts of the moraine 
rise above 1,900 feet, and much of it above 1,800 feet, but there is a gap 
in it at Qiandler which is only 1,650 feet. A few square miles on the 
east side of this moraine drain westward through this gap toward the 
Big Sioux River. The drainage of the eastern slope is chiefly to the 
Des Moines River. In the southwest part of the county the moraine just 
referred to becomes double and continues so southeastward into Iowa. 
The inner member makes a sharp loop northeastward to Hadley before 
taking this southeastward course. In this loop it has much gravelly 
drift, but elsewhere is composed chiefly of clayey though rather stony 
till. The outer member and the united moraine is largely of stony char- 
acter with a few gravel knolls and a stony loam soil. There is a narrow 
strip of outwash gravel on part of the outer border. There was also a 
strong glacial drainage down Chanarambie Creek from Chandler. 

Outside the moraine just outlined a thin veneer of young Wisconsin 
drift is spread over the eroded surface of the old gray drift. It only 
partly fills the interglacial valleys cut in that drift. The soil in this area 
is a wind drifted silt loam, coating the till to a depth of only a few inches. 
The subsoil is a pebbly clay loam with fewer stones than on the moraine. 

East of the moraine that forms the crest of the Coteau is a broad 
till plain covering more than half of the county, and having a rich black 
clay loam soil. Northeast of this plain is a strong morainic system coming 
in from the northwest and sweeping around the south and east side of 
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The geographic distribution of annual and monthly precipitation it 
graphically shown in Figures 12 to 14, and for the statitms having ten or 
more years of record in Table V. Table TV shows the monthly and 
amiual distribution in the various watersheds. From these illustratifms 
H may be seen that the precipitation is about one-fourth to <me-tbird 
greater along the eastern boimdaiy of the state than along the western 
boundary. 
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Figure 14 makes an interesting comparison of monthly and annual 
values of both temperature and rainfall at certain selected representative 
stations. 

Snowfall. — The snowfall averages from 24 to 54 inches. It is lightest 
in the southwest portion of the state and heaviest on the Mesabi Iron 
Range. The monthly and annual averages are shown in Table VT, ar- 
ranged according to sections and drainage districts. 

Winds. — The prevailing winds are from the northwest over most of 
the state. The monthly and annual prevailing directions are shown for 
a large group of stations in Table VII. The average hourly wind ve- 
locity is shown for six regular Weather Bureau stations and three special 
$tatioos in TaUe VIII. 
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to a dq)th of sereral feet before the deposition of the loess, and is usually 
oxidized to a yellowish brown color to a depth of 15 to 30 feet When of 
greater thickness, it retains the original bluish gray color. Eastern Good- 
hue County, southwestern Wabasha Coiiii^, western Olmsted Countj, 
oortheastem Dodge Coun^, and part of the western half of Fillmore 
County, have thick deposits of old drift beneath the loess. The loess, 
however, is so heavy a deposit as a rule that the crops are dependent upon 
it rather than upon the underlying drift. The amount of this drift is 
sufficient to reduce greatly the roughness of the surface. 

There is an area of the old gray drift in the southwest comer of the 
state in Rock, Pipestone, and Nobles counties, of which about 170 square 
miles in the extreme southwest comer of the state, were covered by a 
deposit of loess to several feet in depth, or of sufficient thickness to en- 
tirely sustain the crops. This gives place on the north and east somewhat 
abruptly to a thin coating of wind drifted silt a few inches to 2 or 3 feet 
in depth which is not included in the area mapped as loess on the map 
of the surface formations of Minnesota. Much of the dq>osit is probabtf 
derived from the loess, but the silt is mixed to some extent With saod 
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grains and small pebbles from the underlying till. It appears to have 
been deposited by winds that were dragging the surface and transporting 
coarse and fine grains gathered from bare or exposed surfaces of loess 
or till, a process still in operation. The typical loess, on the other hand, 
is a very uniform deposit, such as might result from the settling of dust 
which had been held in the atmosphere. It is not always feasible to draw 
a definite line or botmdary between the deposits, but the map sets forth 
the approximate extent of the typical loess. 

The drift is sufficient in southwest Minnesota to fill the pr^ladal 
valleys, but some of the more prominent quartzite ridges stand above the 
general level of this drift filling. Parts of these ridges are entirely bare, 
but they seem likely to have formerly carried a coating of drift which has 
been removed by erosion, for the glaciated surfaces of the rocks fre- 
quently have the striae well preserved. This could hardly be the case 
if they had been exposed to weathering ever since the ice disappeared 
from this r^on. The depth of leaching in this old drift is much less 
than in southeastern Minnesota, being usually but 2 to 3 feet or even less. 
The difference seems attributable in .part at least to the smaller rainfall 
and a lesser amount of downward penetration of water in southwestern 
Minnesota. 

OLD GRAY DRIFT (KANSAN), WITH UTTLE OR NO LOESS COVER 

Immediately west of the loess covered area in southeastern Minne- 
sota is an old gray drift with little or no silt cover over it, which extends 
westward and passes tmder the young or Wisconsin gray drift of south- 
cm Minnesota. From the state line northward across Mower, Dodge, 
western Goodhue, eastern Rice, and southwestern Dakota counties, it is 
very largely composed of clayey till which has been leached of its lime 
to a depth of several feet, and oxidized to a depth of about 15 feet, below 
which it retains the original bluish gray color. It has been termed in 
the earlier reports of the Minnesota Geological Survey the old gray 
drift. A large part of it appears to be of Kansan age, and its surface 
was greatly eroded subsequent to the Kansan glaciation. 

lOWAN DRIFT OVER KANSAN DRIFT 

The southeast part of Minnesota and the northeast part of Iowa 
include an area which differs somewhat from Kansan drift areas farther 
south. The general depth of leaching is less than in those areas, and the 
surface of the drift is not so deeply reddened by oxidation. The valleys 
in this area are in some cases mere swales without definite bluffs, and as 
a rule they are shallower than in the Kansan drift areas to the south. 
There are knolls on the slopes and on the valley bottoms, which in some 
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SBSMMURSE COOHTY 

Sherlrame Gxinty is situated east of die Mississippi River, in the 
south central part of Minnesota, witfi EDc River as the county seat It 
has a land area of 448 square miks, to which should be added 15 to 20 
square miles in lakes. 

Elk River gathers nearly all die drainage of Sherburne County and 
parallels the Mississippi from die northwest to die southeast comer of 
the county, where it enters the Mississippi The eastern part of the 
county drains into Rum River and thence to the Mississippi River at 
AndoL 

With the exception of the northern edge of the county, where there 
are a few square miles of dzycy ground moraine of red drift, the Grants- 
burg lobe of the Keewatin ice field covered the entire county. Its 
morainic ridges and knolls have gray drift material with a large red 
drift admixture. The movement of the Keewatin ice was northeast- 
ward, and the drainage on its north side todc a northeastward course 
along or near the ice border to the end of the lobe and thence down the 
St Croix valley. Part of it was ponded, as indicated in the discussion 
of Mille Lacs and Kanabec counties, but there seems to have been a 
rather free current across northern Sherburne County which deposited 
sand and fine gravel rather than mud or silt 

Along the Mississippi and Elk rivers there is a long strip of gravelly 
outwash, wth light sandy soil. To the east of this strip are large areas 
covered by fine dune sand, above which there rise a few sharp morainic 
knolls and ridges. There are gravel plains with light sandy soil also along 
St. Francis River in the north part of the county. A large area in the 
southeast part of the county comprises mainly moraines of sandy till with 
loamy soil. 

The amount of wet land in Sherburne County is estimated to be 
10,000 acres, and is largely in marshy bogs among sandy areas. 

The variable character of the soil is set forth in the table below : 

Percentages of Classes of Land in Sherburne County 

Sqtiare miles Per cent 

Sandy gray drift moraine; soil sandy and stony loam 42 9.38 

Clayey gray drift ; soil pebbly clay loam 15 ^-S* 

Sandy gray drift till plain; soil sandy to stony loam 14 3.13 

Clayey gray drift till plain; soil pebbly clay loam 6 1.34 

Clayey red drift till plain ; soil pebbly clay loam 12 2.6S 

Marshes and swamps 15 3.34 

Outwash gravel and sand 1 80 40.18 

Dune sand 164 36.60 

443 99.99 
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Fanm and Crop Data for Dodgo County from Consul of 1910 

tural population 8,350 or 19 per square mfle 

*er cent of land area in farms 93-o 

*cr cent of farm land improved 86.5 

LTerace acres per farm 165.0 

Average improved acres per farm 143.8 

/alne of aU &rm property $17,4x0,051 

Per cent of increase 1900 to 1910 80.5 

/aloe of all crops in 1909 $1,830,3x0 

Areata (barley, oats, corn, wheat, rye) $Zfi75f703 

!>ther grains and seeds $i73>979 

aay and forage* $363i43' 

Vegetables $56,398 

Fruita and nnU $i5>799 

SXL other crops $44>999 

* Tame grass, 6a,8a6 tons; wild grass, 8,079 tons. 

OLMSTED COUNTY 

Olmsted County, of which Rochester is the county seat, is located in 
the southeast part of the state. The drainage of the eastern part of the 
county is eastward by Whitewater River; of the central and northwest 
parts northeastward by the Zumbro River ; and of the southern part east- 
ward by Root River to the Mississippi. The divides separating these 
three river systems rise in places slightly above 1,300 feet, and the greater 
part of the county is between 1,200 and 1,300 feet. The valleys are cut 
to a much lower level, and the Zumbro River falls below 900 feet at the 
north edge of the county. The principal streams are bordered by prom- 
inent rock bluffs, but the uplands are gently undulating. The cover of 
drift is generally thin. There are many sink holes in the limestone in 
the southern part of the county. 

The drift is all of pre-Wisconsin age and has suffered considerable 
leaching and weathering. It is generally a stiff clayey till which becomes 
calcareous below the leached part at a depth of 4 to 6 feet. 

Large gravel knolls occur in the line of an old valley in southern Oro- 
noko Township, and there are smaller ones here and there in the central 
and western part of the county, and very rarely in the eastern part. 
Most of the drift in the valleys and lowlands is loose-textured, both in 
the low bottoms and on terraces. 

Loess deposits form a coating widely over the till in the northeast 
quarter of the county and in several of the southern townships, but in 
the remainder of the county it is in isolated strips. A belt of land 
several miles wide running eastward from Rochester into Winona County 
is free from loess, — ^the land both to the north and south of it bein^ 
widely loess covered. 
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At the time of settlement, the greater part of the county had a some- 
what open forest which was easily cleared, and the southwest part was 
prairie. Farms were therefore rapidly developed on the uplands as well 
as in the Mississippi bottoms. 

Ptretntagu of Classes of Land m Wimona Comniy 

Square milei Per cent 

Uplmnd without loess, soil with underlying rock J7 4.14 

Loess covered uplands and slopes Soo 78.45 

Rough stony land in river blu£b 40 6.s8 

Gravel and aand deposits of the Mississippi valley so 3.14 

Low alluvial flats of the Mississippi valley 15 S.3S 

Alluvial and colluvial material in tributary valleys 35 5.49 

637 99-99 

Farm amd Crop Data for Wimona Connty from Csnsus of 1910 

Rural population is,07o or 19 per square mile 

Per cent of land area in farms 91.8 

Per cent of farm land improved 63.S 

Average acres per farm. 174.8 

Average improved acres per farm xii.o 

Value of all farm property $11,718,884 

Per cent of increase 1900 to 1910 58.1 

Value of all crops in 1909 $1,711,087 
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KANDIYOHI COUNTY 

Kandiyohi County, of which Willmar is the county seat, has a land 
area of 8oi square miles, and an estimated additional lake area of 53 
square miles. The lakes are especially numerous in a belt rtmning from 
northwest to southeast across the county. The drainage of the northeast 
part is eastward by Crow River to the Mississippi, and of the southwest 
part is southwestward to the Minnesota River. 

The great morainic system formed on the east side of the Keewatin 
ice sheet comes into the coimty from the northwest and is combined into 
a single broad morainic belt as far as Green Lake. It there forks, and 
the northern or outer member leads northeastward into Steams Coimty, 
while the southern member continues southeastward into Meeker County. 
There is also a weak moraine leading from Green Lake to Atwater, which 
is separated from the large moraine south of it by a space of about 2 
miles of till plain. South of this great morainic system is a till plain ex- 
tending into Renville County, the only interruption being a narrow 
moraine less than a mile wide that rtms eastward through the southwest 
township of the county south of Prinsburg. There are also a few sharp 
gravelly knolls east of Raymond. Another till plain lies between the two 
members of the great morainic system east of Green Lake. This is 
traversed by sandy strips marking lines of glacial drainage to the middle 
fork of Crow River. The north part of the county is occupied by a great 
^avel outwash plain that extends into Pope and Steams counties. 

There is gravelly and loose-textured drift along the border of the 
^eat morainic system next to the gravel plain, but within 2 or 3 miles 
l)ack the moraine becomes more clayey, though there are gravelly knolls 
here and there over it. The till plain has a rich black clay loam soil, such 
as covers the great plain along the Minnesota valley. Some of the 
marshes and peaty bogs may be easily drained, but others seem to be 
down to the level of the underground water table. The marshes and 
Ix^s are quite extensive in the gravel plain, and are in some cases 20 to 
^o feet below the general level of the plains. The aggregate amount of 
^et land is probably as great as the area of the lakes, or not less than 63 
square miles. 

Percentages of Classes of Land in Kandiyohi County 

Square miles Per cent 

Oray drift moraine with gravelly or stony loam loo 12.48 

C^ray drift moraine with pebbly clay loam 1 80 22.47 

Oray drift till plain, chiefly pebbly clay loam soil 378 47- X9 

Oray drift outwash, sandy and gravelly loam 80 10.00 

Marshes and bogs 63 7.86 

801 100.00 
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differs from the young gray drift in which limestone pebbles are preserved 
nearly to the surface. 

There are strips of loess in this coimty entirely isolated from the 
large loess-covered areas of southeastern Minnesota. One strip about a 
mile in average width runs from New Trier southeast to the southeast 
comer of the county. Another small loess area lies northwest of Farm- 
ington. 

Pgrctniaggi of Clout of Lamd im Dakota County 

Square miles Per cent 

Old red drift, prevailinglj grayelly loam 96 16.03 

Old gray drift, prevailinfly clayey loam 60 10.01 

Loeta, pebbleleu silt loam a6 4.34 

Wisconsin red drift, stony clay loam no xS.36 

Wisconsin red drift outwash and glacial drainage, graTclly loam with partial 

cover of silt loam 1 18 19.70 

Wisconsin gray drift, silty clay loam 62 10.3s 

Alluvium and marshy bottoms along the Minnesota and Mississippi rivers. . 38 4.67 

Outwash and glacial drainage of Wisconsin gray drift 3a 5.34 

Sandy river terraces 7 1.17 

Rock areas and very thin drift 30 5.00 

Swamps and bogs (outside river .valleys) 30 5.00 

599 99-99 

Farm and Crop Data for DiUtota County from Census of igro 

Rural population 11,249 or 18.7 per square mile 

Per cent of land area in farms 86.0 

Per cent of farm land improved 7S.8 

Average acres per farm 151.5 

Average improved acres per farm laci 

Value of all farm property $22,986,004 

Per cent of increase 1900 to 1910 94.9 

Value of all crops in 1909 $3,177,701 

Cereals (oats, corn, barley, wheat, rye) $3,142,618 

Other grains and seeds $43,948 

Hay and forage* $483,710 

Vegetables $382^03 

Fruits and nuts $49r43^ 

All other crops $75»5So 

•Tame grass, 51,335 tons; wild grass, 11,047 tons. 

GOODHUE COUNTY 

Goodhue County borders the Mississippi River in southeastern Min- 
nesota, with Red Wing as the county seat. Like Dakota County it was 
settled at an early date, the settlements being at first on the gravel ter- 
races along the Mississippi and its tributaries, and soon after on the 
uplands. 

The drainage is all eastward to the Mississippi, the north part being 
drained chiefly by Cannon River, and the south part by Zumbro River. 
The uplands are gently undulating to rolling, and are of the drainage 
erosion type, for this county lies outside the limits of the young or Wis- 
consin drift, and there ha^- 'developed a broad dendritic drainage in 
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the old gray drift. Toward the eastern side of Ae cxmntj, however, the 
streams drop down into the deep pr^bdal drainage. 

The uplands maintain a height of about 1,100 feet dear oat to die 
Mississippi in the district below Red Wing, but are suuenlut lower in 
the north part of the county. The soodiwest part of the caaatj rises 
to 1,200 or 1,250 feet, but as the drift diere is about 100 feet duck, die 
rock surface is about the same altitude as at die bhx£Fs of die M amsip p L 
The bluffs are very precipitous, being formed largely of Paleozoic Hme- 
stone, and rise 300 to 400 feet or more above the Mississippi and the 
lower courses of its tributaries. The Mississippi bdow Red Wing is 
expanded into Lake Pepin with an altitude of 664 feet at low water, 
and about 680 feet at high water stages. 

Along the Mississippi and its main tributaries, Camwn River and 
Ziunbro River, there are conspicuous deposits of fine gravel, hid down 
by glacial waters which escaped from the edge of the ice when it co f eied 
the upper parts of these valleys. Along the Mississippi the outlet of 
Lake Agassiz swept away a large part of this gladal graveL The gravd 
was carried by the glacial waters into lowlands in and east of Red Wing 
that are outside the present course of the Mississip(n but vrfaicfa open into 
the Mississippi at either end. The gravd filling readied about 800 feet 
above sea level in the vicinity of Red Wing, or 140 feet above Lake 
Pepin. 

The northeast part of the county was forested, bat the uplands of 
the central and southwest parts were prairie. A large part of the uplands 
has a capping of loess over the old gray drift. That in die forested port 
is of brown color, while that in the prairie is a dark, nearly bhck sik 
loam. The brown phase is classed by the Bureau of Soils as Knox sik 
loam, while the dark phase is called Marshall sik loam.^ 

A large part of the prairie portion of Goodhue Gxmty has no capping 
of loess, and the old gray drift is at the surface. It is largely a dayer till, 
and is classed by the Bureau of Soils as Girrington loam, sik loam, and 
fine sandy loam. In a few places gravelly knolls appear, ±< nx»t con- 
spicuous belt being immediately south and west of Zumbrcica. Th«s^ are 
classed as Miami silt loam, gravd hill {Jiase. In some cases the slopes 
of these gravel hills have a capping of loess whidi throws the sofl fr.to 
the Knox series. About six square miles, however, were focnd to l^ 
gravelly at the surface. The gravd contains much Umestoce : in socut 
cases diis has been leached out to a depth of only a few iixbH, wbik 
in other cases h has been leached to a depth of several feet, ka-«-7ne only 
the cfacrty parts to indicate its former presence. 
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like that of NoUes Comity, is not dcqdif lesdbfid, bul it diows hjg^ codda- 
tion, and has been greaify eroded in its tiuck portions. 
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Drainage of Minnesota 6-7 

Drainage of south half of Minnesota 45 

Drift 9, 12, 14, S3-ua 

Illinoian a^-49 

lowan 47-48 

Kansan 47, 4849 

Labradorian 50 

old gray 47 

old red 43-49 

Patrician 49-50 

pre-Wisconsin 46-47 



iio SURFACE FORMATIONS OF MINNESOTA 

Awm «/ Di§mw9$ 5MI» !■ JNet C jiiw Ij (#rv« Bw i— «/ SaUs R9P9H) 



CtfTiB^itOB lOMB CC'wWBJ IHOflllK/ •••••••••••■•••••••••••••••••■>•■•••• 84i09^ '^S 

'Uroiioa phMt" (ffoagh ooninc) 99ri96 ii^ 

MMdew 4oiSja »J 

GMTfaiglott ilk lom (chMj old till) 3S,i44 ii.f 

VlM«D day loaa (chkiy Wfaoouin tUI pbia) MfSs* 7-t 

VStflo rilt louB (dd«Ay WlnoBria tOI pltfai) «s»7*o 7.1 

FmI • • i6^3JO s.t 

Cbrriaglon day loaai (chkftr nonfaM) iit»544 3^ 

GufiagloB Mttdy lom (chkiy motitw) iif84« J.7 

8io«z HBdj ktm (gtodil dnfaufe) • tOf7$' M 

Iffirihlll lOMB 006M) 4fl99S I.S 

SiottK gia t d lj loMi (glad«l d ntni g ft) s»304 0.7 

Boom Mad (colhnrial, midnal) o»040 0.7 

SloQs fine MBdy koB (iImIoI dndaafo) 1.344 



3J0,000 IM^ 

Form oad CfP IMo /or ffico ComMgr /rom Comm 0/ 1910 

Xnnl popnloHoa ii«ti9 or 04 por oaaare bOo 

For ooBt of load arto In Cmuo • iM 

Per ooBt of SoTBi Imd niprovod* •■•••■•••••••••■••••••••••••••••••■•••••■••.•■• 77>' 

Avomo ocrot por lom* ••••••••••••••••••••••••••••••••• •••••••••••••••••*•■.. iss^ 

Jkvorafo nipco'vod oono por wm* •••••••••••••••••••••••••••••••••••••■•>■•■••• 904 

Valoo of an tnm fiopMlj $84,753.49s 

For ccBl of iitrr o i i o 1900 to tfio tej 

VahM of aD cropa ia 1909 • • $a,9M«7J< 

Coraala (ooti, wfctal, oom, barloy, rje) •• $«,iiojM 

OtWr graiaa and oecds $3*t5ii 

Bay aad forafi* $46jti4J 

Vegetablot $97>7<6 

Fmtts and nisti $^»494 

All other crops $180,856 

* Tame groM S't'^o toni; wild gran 3S»6j8 toot. 

A large part of Rice County is occupied by the system of moraines 
which were formed on the east side of the Keewatin ice field and run 
north to south across the county. Among the morainic ridges and knolls 
there are small till plains, but the moraines are woven tc^ether in an 
intricate manner. The soil of the moraines is classed in the Carrington 
series by the Bureau of Soils, while the till plains are chiefly Fargo silt 
loam, and Fargo clay loam, but part of the till plain is in the Carrington 
series. There are numerous peat bogs inclosed among the morainic 
knolls and ridges, and the depressions, when not peaty, have usually a 
darker colored soil than the bordering higher and better drained land. 

The young gray drift overrode the moraines of the red drift in north- 
em Rice County but made so heavy a deposit that the red drift is com- 
pletely concealed. Red drift material, however, is found involved in the 
gray, either in masses or mixed more thoroughly. The red drift may 
in some cases have been carried farther south than its original positioo. 
Such seems to have been the case in an exposure noted on the Rode 



LE SUEUR corrrF 

Island Railroad at the north line of 
north of Faribank. 

The glacial outwash and 
Bureau of Soils as Sioux graTdljr 
covered old gravel, in the nortiieatt past ce 
silt loam. 





Le Sueur County is situated oo the eas adt 
of the Minnesota River in souxhcm Mizmesaa. 
the county seat. The greater pan of tbe ; ' luii j 
into the Minnesota, but the aoodieaR 
Cannon River to the MississippL 

The eastern edge of the countj is 
morainic spur extends westward past Ehns abac i 
the rest of the moraine. Between the ■■m-j^j.Iw sn£ 
is a till plain lo to 15 miles wide with 
merous basins and small lakes. A 
Elysian leads eastward through the 

The morainic area as wdl as the tB 
clayey till with a pebbly day loom io3. Bat 
Elysian there is a large amoont of gnvdhr. 

The Minnesota vaDey is abaut 250 i 
this county, but part of it is filled wiA gjbded 
gravel, the highest of which stand abom 150 
These gravelly plains were occupied in part hf 
of the county was covered with hardwood I 
Agassiz removed a large part of tbe gbdal gravd, 
rock ledges which appear along tfie valley np 10 a 
feet or more above the stream. 




Pgrcent^ggt of CImueM of Lmmd im L# Smiv I 

GrsTcl hslU and itony loftm ia moraiac ^^ . ^^ 

Moraine with pebbly clay lota toQ ^ m*M 

TOl |»laan cbtefly pebbly clay loam mmI ^^ 

Grarelly outwash and glacial drainage ^^ 

Rock ledges in Minnesota valley i 

AlloWal bottoms with TariaUe soil .. 

Marshes aad terrace swamps on uplands ' . * 



Pmm md Crop Doto for Lo Smomr Commiy from Comoms of j^so 

lanl papnlaHwi 11*947 or S4.3 per square mile 

Bvcaat oi Ivid ana in farms ^ j 

•1 mW liBd UBproved* . • • .•••■•.•••.... ,,..,. ., 4a. a 

' ' 5«a« 
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Fmrm mmd Crop DaU for Lt Su€ur County (Coniimued) 

ATerage improTcd acres per farm 73.S 

Value of all farm property $«o,048«44i 

Per cent of increase 1900 to 1910 8oj 

Valne of all crops in 1909 %*A7h797 

Cereals (wheat, com, oats, liarley, rye) is,oo4,73o 

Other grains and seeds I3f944 

Hay and forage* $448,044 

Vegetables ^ $69,026 

Fmits and nuts $17,761 

All other crops $130,292 

*Tame grass, 31,353 tons; wild grass, 35,664 tons. 

NICOLLET COUNTY 

Nicollet County is sittiated on the north side of the great bend of 
the Minnesota River in southern Minnesota, with St. Peter as its county 
seat. The drainage is all south or east to the Minnesota, but in much of 
the county natural drainage lines are poorly developed, and it has been 
necessary to extend ditches over such areas. There are several shallow 
lakes on the uplands occupying about 20 square miles, around whidi 
is marshy land with an additional 10 square miles. Ditching has, how- 
ever, reduced the marshes and wet areas very materially. 

The county is nearly all a prairie till plain with rich black loam soil 
and pebbly clay loam subsoil. A morainic strip with two somewhat dis- 
tinct ridges or members leads across the western part of the county from 
Gear Lake past Klossner to the Minnesota valley at Cortland. The 
moraine has some knolls of gravel, but always with clay till surface. 

The Minnesota valley is cut to a depth of about 200 feet below the 
bordering till plain. Near St. Peter, and also near Cortland, there is a 
wide remnant of a glacial gravel deposit, but generally the low bottom 
lands extend back to the bluffs. The glacial river that was the outlet 
of Lake Agassiz uncovered rock ledges in the east part of the county, 
and between Cortland and New Ulm. 

Percentages of Classes of Land in Nicollet County 

Square miles Per cent 

Moraines largely clayey, pebbly clay loam 40 903 

Till plains chiefly black clay loam 330 74-49 

Upland marshes and bogs 10 i-'S 

Glacial gravel in Minnesota valley 9 2.03 

Alluvial deposits in Minnesota valley 50 n-^S 

Rock outcrops in Minnesota valley 4 o-5' 

433 WW 

Farm and Crop Data for Nicollet County from Census of igio 

Rural population 7,929 or 17.9 per square mile 

Per cent of land area in farms 92«S 

Per cent of farm land improved 7^3 

Average acres per farm 1854 

Average improved acres per farm 134-' 

Value of all farm property %isMz,^^ 
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Fanm and Crop Data for Brown County from Census of jgio 

Rnral population io,oio or 16.35 Pcr xiuare mile 

Per cent of land area in farmi 93.3 

Per cent of farm land improved 84.1 

Average acres per farm 101.2 

Average improved acres per farm 170.3 

Valve of all farm property $10,999^81 

Per cent of increase 1900 to 1910 57.5 

Value of all crops in 1909 $3,930,658 

Cereals (wheat, com, oats, barley, rye) $^,445,519 

Other grains and seeds $29,067 

Hay and forage* $330,596 

Vegetables $70,166 

Fruits and nuts $12,788 

All other crops $42,411 

*Tame grass, 20,657 tons; wild grass, 71,440 tons. 

REDWOOD COUNTY 

Redwood County is situated on the south side of the Minnesota val- 
ley in southern Minnesota, with Redwood Falls as the county seat 
The drainage is all eastward to the Minnesota River, chiefly through 
Redwood and Cottonwood rivers. The county is largely a plain standing 
between i,ooo and 1,200 feet, but the southwest comer rises to about 
1400 feet The Minnesota valley is cut to a depth of 200 feet below the 
bordering plain, the river being 842 feet at the western, and 804 feet at 
the eastern limits of the county. 

There are several moraines formed along the south edge and south- 
east end of the Keewatin ice field as it was melting back across the plain 
that borders the Minnesota River. One morainic belt is in the southwest 
comer of the coimty ; another follows the north side of the Cottonwood, 
and another the north side of the Redwood valley. This last moraine 
splits into three narrow ridges that run southeastward through the eastern 
part of the county. There is also a later moraine in the extreme north- 
west comer of the county. The moraines are usually a clayey till, but 
in places gravel knolls become conspicuous. This is notably the case 
in the slender ridges in the east part of the county. There is a prominent 
strip of gravel knolls and ridges immediately east and south of Revere, 
which trends southwestward toward a moraine in Cottonwood County, 
instead of paralleling the course of moraines of this region. It is not, 
however, a definite gravel or esker ridge, but has much irregularity of 
form and of structure, for considerable till is included with the gravel. 

Glacial drainage seems to have been rather weak along the border 
of the moraines, and deposits of sand and gravel are scanty. It is prob- 
able that the water was ponded in places along the edge of the ice during 
the development of some of die nxxraines. The plains bordering the 
moraines have a rich bladk lofl^ v this was a prairie region. 
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the southern border of the state. The land area is 702 square miles and 
the lake area about 20 square miles. Heron Lake, a body of water U 



